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1. S.I. unit of magnetic flux is 
(a) tesla (b) oersted 
(c) weber (d) gauss. 


2. A body of mass m is moving towards east and another 
body of equal mass is moving towards north. If after 
collision both stick together, their speed after collision 
would be 

(a) v (b) v/2 


(c) J2v (d) v/ v2 


3. A body of mass 1 kg is moving in a vertical circular 
path of radius 1 m. The difference between the kinetic 
energies at its highest and lowest position is 

(a) 20 J (b) 10 J 


(с) 445] (d) 100/5 -1)J 


4. Across each of two capacitors of capacitance 
1 uF and 4 uF, a potential difference of 10 V is applied. 
Then positive plate of one is connected to the negative 
plate ofthe other, and negative plate of one is connected 
to the positive plate of the other. After contact, 

(a) charge on each is zero 

(b) charge on each is same but non-zero 

(c) charge on each is different but non-zero 

(d) none of these. 


5. Magnification of a compound microscope is 30. 
Focal length of eye piece is 5 cm and the image is 
formed at a distance of distinct vision of 25 cm. The 
magnification of the objective lens is 

(a) 6 (b) 5 

(c) 7.5 (d) 10. 


6. Kirchoff's law of junction, £Z = 0, is based on 
(a) conservation of energy 

(b) conservation of charge 

(c) conservation of energy as well as charge 

(d) conservation of momentum. 


7. Calculate the amount of heat (in calories) required 
to convert 5 р of ice at 0°C to steam at 100°C . 
(a) 3100 (b) 3200 


30 


(c) 3600 (d) 4200. 


8. А transverse wave is expressed as : y = yosin2mt. 
For what value of A, when maximum particle velocity 
is equal to 4 times the wave velocity? 

(a) уол/2 (b) 2yon 

(c) yon (d) yon/4. 


9. Two bodies are thrown up at angles of 45? and 
60°, respectively, with the horizontal. If both bodies 
attain same vertical height, then the ratio of velocities 
with which these are thrown is 


(a) 42/3 (b) 2/45 
(с) J372 (d) 43/2. 


10. Charges 40, q and О are placed along x-axis at 


| positions x – 0, x = //2 and x = /, respectively. Find the 


value of q so that force on charge Q is zero. 
(a) Q (b) Q/2 

(c) -Q/2 (d) -Q. 

11. Arayfallonaprism ABC 4 

(AB — BC) and traval as shown 

in figure. The least value of 

refractive index of material 

of the prism, should be 

(a) 1.5 

(b) 4/2 с 
(с) 1.33 g 

(d) J3 


12. Escape velocity from a planet is v,. If its mass is 
increased to 8 times and its radius is increased to 2 
times, then the new escape velocity would be 


(a) v, (b) Vy, 

(c) 2v, (d) 2V2v, 

13. A body takes time to reach the bottom of an inclined 
plane of angle 9 with the horizontal. If the plane is 


made rough, time taken now is 2z. The coefficient of 
friction of the rough surface is 
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3 2 
(a) TEn 0 (b) —tan0 
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(c) “tan 6 (d) Lang 


14. Two small charged spheres А and В have charges 
10 uC and 40 uC respectively, and are held at a separation 
of 90 cm from each other. At what distance from A, 
electric intensity would be zero? 

(a) 22.5 cm (b) 18 cm 

(c) 36 cm (d) 30 cm. 


15. 50 tuning forks are arranged in increasing order 
of their frequencies such that each gives 4 beats/sec 
with its previous tuning fork. If the frequency of the 
last fork is octave of the first, then the frequency of 
the first tuning fork is 
(a) 200 Hz 

(c) 196 Hz 


(b) 204 Hz 
(d) none of these. 


16. In a cyclotron, if a deuteron can gain an energy of 
40 MeV, then a proton can gain an energy of 

(a) 40 MeV (b) 80 MeV 

(c) 20 MeV (d) 60 MeV. 


17. Graph between velocity and displacement of a 
particle, executing SHM is 

(a) a straight line (b) a parabola 

(c) a hyperbola (d) an ellipse. 


18. In the nuclear reaction, 
10 y —S2 ру 28 у та удуур 

the atomic mass and number of Р аге, respectively 

(a) 170, 69 (b) 172, 69 

(c) 172, 70 (d) 170, 70. 


19. A radioactive substance has activity 64 times higher 
than the required normal level. If Т; = 2 hours, then 
the time, after which it should be possible to work with 
it, is 

(a) 16 hrs. 
(c) 10 hrs. 


(b) 6 hrs. 
(d) 12 hrs. 


20. An electron, moving in a uniform magnetic field 
of induction of intensity B, has its radius directly 
proportional to 
(a) its charge 
(c) speed 


(b) magnetic field 
(d) none of these. 


21. The apparent frequency in Doppler's effect does 
not depend upon 
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(a) speed of the observer 

(b) distance between observer and source 
(c) speed of the source 

(d) frequency from the source. 


22. Two simple pendulums whose lengths are 100 cm 
and 121 cm are suspended side by side. Their bobs are 
pulled together and then released. After how many 
minimum oscillations of the longer pendulum, will the 
two be in phase again? 

(a) 11 | (b) 10 

(c) 21 ' (d) 20. 


23. If percentage change in current through a resistor 
is 196, then the change in power through it would be 
(a) 196 (b) 296 

(c) 1.796 (d) 0.596 


24. 3 identical bulbs are connected in series and these 
together dissipate a power P. If now the bulbs are 
connected in parallel, then the power dissipated will 
be 

(a) P/3 (b) 3P 

(c) 9P (d) P/9. 


25. Acceleration due to gravity 

(a) decreases from equator to poles 

(b) decreases from poles to equator 

(c) is maximum at the centre of the earth 
(d) is maximum at the equator. 


| SOLUTIONS | 


1. (0) 
2. (d): From the principle of conservation of linear 
momentum, 
туі + mvj = 2mv' 
| 2mv' | = m|vi +) | 
or, 2mv'=myv? «v? => „МУ M 


габа у 


3. (a): Difference in kinetic energy 


1 2 

-m[Sgry - Ger] 

-2mgr-2x1*x]10x 1 = 20 Ј. 
4. (c): Stored charge on capacitor becomes zero only 
when it is discharged through resistance or when two 
capacitors of equal capacitance are charged and then 
connected to opposite terminals. Here the capacitances 
are different. 
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5. (c): М.Р. of compound microscope = m, x m, 


30=m,x6 > т„=5. 
6. (b): Kirchoff’s law of junction is based on the 
law of conservation of charges i.e. on the fact that charges 
do not remain accumulated at a junction of a circuit 
i.e. a junction of a circuit cannot act as source or sink 
of charges. Total rate of incoming charges is equal to 
the total rate of outgoing charges. 


7. (c): Heat required = heat require to melt ice to 

water of 0°C + heat require to boil water to 100°C 
+ heat require to make steam at 100°C 

7 mL, * msAt + mL, 
= 5х 80 + 5х | x 100+5 x 540 
= 400 + 500 + 2700 = 3600 cal. 

8. (a): As given in question, 

maximum particle velocity = 4 x wave velocity 

4xo 





и? ѕіп20 
2g 
where z is initial velocity of the body. 
m sin? 45 й, из? sin? 60 


9. (c): Vertical height = 








2g 2g 
m°? _ sin? 60 шу 313/2. [3 
> ab sin? 45 а CO 
10. (9) : The total force оп О 
09  ,40xQ | = 
4ney(1/2)° — 4nggl- а 
Оаза BORD eye. 





41£9 (^ /4) Е 4ne ^ 


11. (D : As AB = BC, Z A = ZC = 45° 
At each reflection, <: = 45°: = i,, critical angle 
1 I = 

2. 


sini. 5іп45° 








2GM 


— = ү, 


R 


v- n0., ZOUE T 
2R VR > 


12. (с) : Escape velocity = 


32 





13. (а) : When body moves 
on frictionless surface then 


Nl eae) 
а – =85іп9/ 





When body moves on rough 
inclined 


= + (sin Ө – џсоѕ 0)2r* 


1 { as нча mei 2 
gone —- џсоѕ0)(2/)“ = i Өг 





sino gin? 





= 5100 —џсоѕ0 = 


= ооз =sin0 -R — sing => н = 24апӨ. 


4 
14. (d) : Let at a distance н Е=0 ; 
x the total electric intensity c >< > : 
is zero. * 90-x 
д4 Rey dg =0 

4n£ox^ An£g(90 — x) 

10 = 40x10% 
=> —xl0"2———— EN Tm 42 

T5 (903)? (90 — x?) = 4x 
= 90-x=2x => 3x=90 => х= 30 ст. 
15. (с) : As given, V, =v + 4 
Similarly, o, =V + (n— 1) x 4 
From given condition, v, = 20 
= v+(50-1)x4=20 = v= 196 Hz. 





a = V2mE = КВ 


As R is a constant for the cyclotron (it is cyclotron 
radius) and q for the deuteron and proton are the same, 
RqB is a constant. 


< ртр E, 2 2m, -E4 


16. (b): R= 


= 2m, E, = J22mp) Ea 
Ep = 2E, = 2.x 40 = 80 MeV. 
17. (d) : In simple harmonic motion, 
y^7asinof, у = awcoswt 
From this, we have 
2 2 
> +5 =1, which is equation of ellipse. 
a ao 


He ——> E + е, 


18. (b) : ' X —— 1767 + E 


Je 1 
— > A+ He EF Е + energy 
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19. ge (GI ie Cel 


nly, = Т = Т=6х 2 = 12 hr. 


20. (с) : When electron moves in a magnetic field, 


ту? ту 


v 
—=qvB > r=—. 
r d qB 
21. (b) : Apparent frequency in Doppler effect depends 
on frequency of source, direction and velocity of source 


and observer. 

ГГ 
22. (b): T=2n,/— 
8 


For / = 121 cm and / = 100 cm 
(m)11 = (n + 1)10. п = 10. 
23. (b) : Power = PR 
AP „Al AR 
SS, 
P I «і 
24. (c) : When bulbs are connected in series, 
m" 2 
р 3R 
When bulbs are connected in parallel, 
K y? ¥ V?x3 
Е 
25. (Ь) : At poles, the effect of rotation is negligible 
because of which g is maximum while at equator the 
effect of rotation on g is the maximum. Therefore, value 
of g is minimum. Thus as we go from pole to equator 
acceleration due to gravity decreases. 


For complete solved paper of DPMT-2005, refer 
'MTG’s DPMT Explorer. 


. AP -2x 1% + 0 = 2%. 





P =3x3P=9P. 
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SOLVED PAPER 


1. An organ pipe, open from both end produces 
5 beats per second when vibrated with a source of 
frequency 200 Hz. The second harmonic of the same 
| 
i 
| 





pipes produces 10 beats per second with a source of 
frequency 420 Hz. The frequency of source is 


(a) 195 Hz (b) 205 Hz (c) 190 Hz (d) 210 Hz. 


2. Two rings of radius R and nR made up of same 
material have the ratio of moment of inertia about an 
axis passing through centre is 1 : 8. The value of л is 
(a) 2 (b) 242 


(c), 4 (d) 1/2. 


3. Опе drop of soap bubble of diameter D breaks into 
27 drops having surface tension o. The change in surface 


energy is 
(a) 2noD? (b) 4nc D? 
(c) noD? (d) 8165". 


4. The gas having average speed four times as that 
of SO, (molecular mass 64) is 

(a) He (molecular mass 4) 

(b) О, (molecular mass 32) 

(c) H, (molecular mass 2) 

(d) CH, (molecular mass 16) 


5. Acontainer having 1 mole ofa gas at a temperature 
27°C has a movable piston which maintains at constant 
pressure in container of 1 atm. The gas is compressed 
until temperature becomes 127°C. The work done is 
(C, for gas is 7.03 cal/mol-K) 

(a) 703J (b) 814] (с) 121] 


(d) 2035 J. 


6. An electron having mass (9.1 x 10?! kg) and charge | 
(1.6 x 107'? C) moves in a circular path of radius 0.5 m | 
with a velocity 10° m/s in a magnetic field. Strength 
of magnetic field is 
(a) 1.13 x 105 T 
(с) 2.8 x 10°T 


(b) 5.6 x 10° T 
(d) none of these. 
7. A cylinder rolls down an inclined plane of inclination 
30*, the acceleration of cylinder is 
(a) g/3 (b g (c) g/2 

| 
8. A period of a planet around Sun is 27 times that | 
of Earth. The ratio of radius of planet's orbit to the | 


(d) 2g/3. | 
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i (e 








radius of Earth's orbit is 
(a) 4 (b) 9 


(c) 64 


(d) 27. 


9. 3 particles each of mass m are kept at vertices of 
an equilateral triangle of side Г. The gravitational field 
at centre due to these particles is 








3GM 

(a) zero (b) P 
9GM 12 GM 
(c) 72 d) Be 


10. A solid sphere of radius R is rolling with velocity v 
on a smooth plane. The total kinetic energy of sphere is 


? 3 2 
— mv b) —"v 
10 4 
js 
— ту 
5 


(a) 
enc 

(d) ДАУ 

11. A block is kept оп an inclined plane of inclination 


Ө of length /. The velocity of particle at the bottom of 
inclined is (the coefficient of friction is u) 


(a) [glucose - sing]? 


| (b) J/28gl(sin—jcos0) (c) J28l(sinO + исозӨ) 


(4) V2gi(cos6 + и51пб) 


12. If earth is supposed to be a sphere of radius Л, if 
£3o Is value of acceleration due to gravity at lattitude 
of 30? and g at the equator, the value of g — gio» is 


i (a) -oR (b) ZOR 
1 
(с) wR (d) 59 


13. Ап organ pipe open at опе end is vibrating in first 
overtone and is in resonance with another pipe open 
at both ends and vibrating in third harmonic. The ratio 
of length of two pipes is 
(а) 715312 (b) 4:1 


(c) 8:3 (d) 3:8. 


14. A coil takes 15 min to boil a certain amount of 
water, another coil takes 20 min for the same process. 
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Time taken to boil the same amount of water when | 
both coil are connected in series, 

(a) 5 min (b) 8.6 min 
(c) 35 min (d) 30 min. 


15. Two capillary of length L and 2L and of radius А 
and 2R are connected in series. The net rate of flow of 
fluid through them will be (given rate ofthe flow through 
single capillary, X = 7PR‘*/8nL) 


8 9 

= SA 
(a) 5X (b) 3 

2 x. 7x 
OL (d) = 


16. A charge q is fixed. Another charge Q is brought 
near it and rotated in a circle of radius r around it. 
Work done during rotation is 








(a) zero (b) жуз 
Q:q 

(с) 2837 (9) попе of these. | 

17. Advantage of optical fibre | 


(a) 
(b) 
(c) 


high bandwidth and EM interference 

low band width and EM interference 

high band width, low transmission capacity and 
no EM interference 

high bandwidth, high data transmission capacity 
and no EM interference. 


(d) 





18. In an electromagnetic wave, direction of propagation 


is in the direction of 
(a) E (b) B 
(c) ExB (d) none of these. 


19. Гапа ЕЁ» are focal length of objective and eyepiece 
respectively of the telescope. The angular magnification 
for the given telescope is equal to 


NL 22 

(а) P (b) Fi 
ЕЕ, h + Е 

(25 ал тта 

К+ fy АР, 

20. Critical velocity of the liquid 

(a) decreases when radius decreases 

(b) increases when radius increases 


(c) 
(d) 
21. A diode having potential difference 0.5 V across 
its junction which does not depend on current, is 


decreases when density increases 
increases when density increases. 
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(a) 4.92 


connected in series with resistance of 20 Q across source. 
If 0.1 A passes through resistance then what is the voltage 
of the source? 

(а) 1.5 У (b) 20V 


(с) 25V. (d) 5V. 


22. Potentiometer wire of length 1 m is connected in 
series with 490 © resistance and 2 V battery. If 
0.2 mV/cm is the potential gradient, then resistance of 
the potentiometer wire is 
(b) 7.9 Q 


(с) 592 (а) 699. 


23. Dipole is placed parallel to the electric field. If W 
is the work done in rotating the dipole by 60°, then 
work done in rotating it by 180? is 


(a) 2W (b) 37 (c) 4W (d) W/2. 


24. An electron of charge e moves in a circular orbit 


| of radius r around the nucleus at a frequency v. The 
| magnetic moment associated with the orbital motion 


of the electron is 








| (a) mver? (b) а 
(с) Е (d) ner 
? v 


25. А апа В аге two identically spherical charged body 
which repel each other with force F, kept at a finite 
distance. A third uncharged sphere of the same size is 
brought in contact with sphere B and remived. It is 
then kept at mid-point of 4 and B. Find the magnitude 
of force on C. 

(a) F/2 (b) F/8 


26. А composite rod is made of copper 
(a = 1.8 x 105 K-') and steel (о — 1.2 x 10 K-') is 
heated then it 

(a) bends with steel on concave side 

(b) bends with copper on concave side 

(c) does not expand (d) data is insufficient. 


(c) F (d) zero. 


27. A wave of equation y = 0.151п[100л7 – kx] and wave 
velocity 100 m/s, its wave number is equal to 
(a) 1m! (b) 2m! (с) am! (d) 2л m^. 


28. Volume-temperature graph at atmospheric pressure 
for a monoatomic gas (V in m?, T in °C) is 


F „Ж, V 


(a) (b) 


ТОС) TCC) 
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(c) (d) 


T (*C) T (*C) 
29. 
(a) 
(b) 
(c) 
(d) 


30. The ratio of frequencies of two pendulums are 
2 :3, then their length are in ratio 


(а) J2/3 (b) J3/2 (c) 4/9 


31. The value of escape velocity on a certain planet is 
2 km/s. Then the value of orbital speed for a satellite 
orbiting close to its surface is 

(a) 12 km/s (b) 1 km/s 


(c) J2 km/s (d) 24/2 Кт. 


32. The electrochemical equivalent of a metal is 
3.3 x 107 kg/C. The mass of metal liberated at cathode 
by 3 A current in 2 sec will be 

(a) 19.8 x 107 kg (b) 9.9 x 10-7 kg 

(c) 6.6 x 10-7 kg (d) 1.1 x 107 kg. 


In X-ray experiment K,, Kp denotes 
characteristic lines 

continuous wavelength 

a, В-етіѕѕіопѕ respectively 

none of these. 


(d) 9/4 


33. For a paramagnetic material, the dependence of 
the magnetic susceptibility X on the absolute temperature 


is given as 

(a) Xe T (b) X e 1/7? 

(c) X e ИТ (d) independent. 

34. An optically active compound 

(a) rotates the plane polarised light 

(b) changing the direction of polarised light 

(c) do not allow plane polarised light to pass through 
(d) none of the above. 

35. Three particles A, B and C are thrown from the 


top of a tower with the same speed. 4 is thrown up, B 
is thrown down and C is horizontally. They hit the ground 
with speeds V}, V, and V. respectively. 

(а) Ид = Vy = Ve (b) Ил = „> Ve 

(с) V,» Ver V, (d) „> Ик = Ve. 


SOLUTIONS 


1. (b): In first case, f ~ 200 = 5 
f=195 Hz or, 205 Hz. 
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In second case, 2f ~ 420 = 10 
f7205Hz or 215 Hz. 
The value of f= 205 Hz satisfies both the conditions. 
2. (a): The moment of inertia of circular ring whose 
axis of rotation is passing through its centre, / = mR?. 
Also, /, = m,(nR)* 
Since both ring have same density, 

т» b. nm 
2n(nR)x A. 2nRx A 
where 4 is cross-section area of ring. 





т = nm. 
he a mR* mR? 
Also, етт DE 
h 8 my(nR)  nm(nR) 
eo 
—=— = n=2 
m се т 
3. (d): Change in surface energy, (AW) 


= surface tension x change in surface area of bubble 
= о [27 x 4nd? — 4nD?] 
Volume of bigger bubble = volume of 27 smaller bubbles 


= Í aD? 27x nd? = Jee 
3 3 3 


aw накан зт 07-01 


= 202 x 4n х o = 8лор?. 
1 


4. (a): Velocity = 
Jmolecular mass 


, M 
NM ce us M, 24 i.e. He. 
Уз? М, М, 


5. (b): W= PUV,- V) = nR(;- T) 
= | x 8.14 (127 - 27) = 8.14 x 100 = 814 J. 





2 
6. (a): a= qe 


ту _ 9.1x107! x10 


p =11.37x10 T 
qr 6x10 ?x0.5 


= 1.13 x 105 T. 
7. (а) : Acceleration of a cylinder down a smooth 
inclined plane is 











sing R* 
"ES where == for cylinder. 
+1/mR* 2 
"E gsin30° ELZ E 
[ mR? 1 | 1+1/2 3 
2 mR? , 
37 ] 





8. (b): According to Kepler’s third law, 
КЗ cc Т? 


Be Wwe 277, abii; 
R (T Т, 


9. (а) : The gravitational A 
field intensity at point O is 

the net force exerted on a unit 
mass placed at O due to three 
equal masses m at vertices A, 
B and C. Since the three 
masses are equal and their 
distance from О are also equal, they exert force F4, Fp 
and F¢ of equal magnitude. It follows from symmetry 
of forces that their resultant at point O is zero. 


3% 


Bm 


10. (a) : Kinetic energy = translational kinetic energy 
+ rotational kinetic energy 


i opm 
= —mv +10 
2 2 
>? ERS) 
Moment of inertia of sphere (/) = 2 
s 
i dee NG Ӯ 
KE -im url : | n^ 
2 2 10 


11. (b): Acceleration of block 


: N 
= gsinO-p,— 
m 






= gsinO — gli, cos8 
= g(sinO — ц. соѕ0) 
From straight line equation, 


y? — и? = 2as 


gsino 


N = uigcosO 


іе. у? = 2х g(sinO0 ~ џсо50)/ 
ог, у= 4/221(5іпӨ – icosO). 


12. (b) : Acceleration due to gravity at lattitude A is 
given by 
g = к — Racos’ 


3 
At 30°, езу = g — А0)2с05230° = 8-2 


on 85—830: qt 


13. (a) : In first overtone of organ pipe open at one 


Ta 
end, aes EU 
Third harmonic or second overtone of organ pipe open 
at both end, v, x ... (il) 

21, 
38 


From (i) and (ii), equation, v, = v, 
vede E T 
se NUI H 2 


- n ысы 
14. (c): The time taken by coils to boil the same amount 
of water when connected in series, as V is the same, 
the current decreases, 
time ¢ = t, + & = 35 min. 
B р a 8n 
15. (aJ : Fluid resistance is given by R=—— 


4 ^ 
Tr 


When two capillary tubes of same size are joined in 
parallel, then equivalent fluid resistance is 











dat 
Ry = Ry LEER (E 
ur  n(2Ry rm’) 8 
P пре 8 8 nPR* 
TUE x—-2—X.|asX- 
Rate of flow R su 9 9 | тр | 


16. (a) : Thecharge is moving in an equipotential line. 

So no work is done. 

17. (d) : Few advantages of optical fibres are that the 

number of signals carried by optical fibers is much 
| more than that carried by the copper wire or radio waves. 
| Optical fibers are practically free from electromagnetic 
| interference and problem of cross talks whereas ordinary 
| cables and microwaves links suffer a lot from it. 
| 18. (c) 

19. (a) : The angular magnification produced by an 

optical instrument is defined as 

_ angle subtended at eye using instrument 


angle subtended at unaided eye 


F, 
For telescope, M с lt 
fe Б 
20. (c) : Critical velocity of a liquid, 
pr 


where т| is coefficient of viscosity of the liquid, p its 
density and ғ is the radius of the tube. k is a dimensionless 
constant called the Reynold number. Thus critical velocity 
increases when density and radius of the tube decreases. 
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I" — V IR 
= 0.5 + 0.1 x 20 
= 2.5 V. 


21. (c) : 


22. (a) : Potential across potentiometer wire 
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_ (0.2x107) V хіт 
107 m 
R x2 
r+R 
where Ris resistance of potentiometer wire and r is 


resistance connected in series. 
0.02(490 + R)=2R = 98+0.02R=2R 


=0.02 V 


Also 0.02 := 





9.8 
= 9.8 = 2R — 0.02R 5 AC 9 Q. 


23. (a) : Work done = — pEcos® 
W = — pE'cos60* 


-pE pE 


9 


2 


=»! [= 














W = 


where p is dipole moment of dipole and £ is the electric 

field applied. 

The work done required to rotate dipole by 180? is 
W = — pE cos180? = pE = 2W. 

24. (a) : The charge passing per second through any 

point of the path is v times the charge of the electron. 

i.e. [= ve 

If 1 is the area of the orbit, the magnetic moment is 
m= [А = ver. 

25. (с): Let initially both the sphere having charge q. 

Thus force between A and B sphere kept at a distance 

ris given as 7 d 


(Bro P 


po. 
a 666 
4T£qr g 


When two identical metallic spheres are brought in 
contact, the charge on them 


А туе: 
are equalised due to the AM! СУ; Су" 
flow of free electrons. Thus М 

when an uncharged sphere E H2 


C is brought in contact with 
sphere B having a charge q and then removed, the total 
charge q is equally shared between two so that the charge 
left on B is q/2 and that developed on C is q/2. 
The force on C when it is placed between 4 and B is 
given as 

..4x(q/2)  (q/2)x(q/2) _ 

4ngg(r/2) — 4ngg(r/2) 

26. (b) : As coefficient of linear expansion of copper 
is more than steel therefore it expand more than steel 
with same amount of change in temperature. 


—44 soe г 
47, 


27. (c) : Wave equation 
y = 0.1 sin (1007 — Ах) 
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Comparing with general equation, 
OT Tz pou necs 
y .1 sin (œt — kx) = ЛОО 
28. (с): Уе T 
29. (a) : As we know n = | shell is known as the 
K-shell. In X-ray experiment when X-rays are emitted 
| in the process of filling the vacancy at K shell they are 
| known as K shell X-rays. The K-X ray that originates 
| with the л = 2 shell is known as K, X-ray and the 
| KX-rays originating from higher shells are known as 
| Kp, K, and so forth. 
| 30. (d) : Frequency of pendulum x эсс 
Jlength 


тг. 








9 
"i 





JUR Къ, 
ta the C3 5 
tr VA 5 f 


| 31. (c) : Escape velocity = J2gR =v, 
| Orbital velocity = үе =v,/v2 


| 
| 


Yo =_= 2 kmis. 

v2 
32. (a) : From Faraday’s first law of electrolysis 
mass of: a substance liberated = ZI/ 

= 3.3 х 107 x 3 х2 = 19.8 x 107 kg. 
33. (c) : Paramagnetic material obey’s Curie’s law. 
According to which x = C/T. 
where C is called Curie’s constant. 


34. (a) : When the plane-polarised light passes through 
certain substance, the plane of polarisation of the light 
is rotated about the direction of propagation of light 
through a certain angle. 


35. (a): When A is thrown up, 
it reaches to maximum height 
at zero velocity, comes back 
to 4 with the same initial 

| velocity уд. vy has the same 
initial velocity. The vertical 
velocity vç — 0. vç is acting 
horizontal. 


2 
Whereas for 4 and 4v4^--2gh for A. 


For B, Ve +2gh 
| For C also, Je +2gh ie. ATE + v? 


! . The final velocities are the same. 
т, for 4 = v, for B = v, for C. 








For complete solved paper, refer MTG's DCE Guide 
m 
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1. A lens of focal length of 20 cm and of refractive 
index 1.5 is placed inside a shell containing liquid of 
refractive index 1.6. What will be the focal length inside 
the liquid. 


2. (a)Electric field and a dipole are in same direction. 
When the dipole is deflected in small angle does it exhibit 
SHM? 

(b) Electric field inside a sphere varies with distance 
as Ar. Find the total charge enclosed within the sphere 
if A = 3000 V/m?; R = 30 cm, where R is the radius of 
the sphere. 


3. (а) If the radius of a coil is changing at the rate 
10? units in a normal magnetic field 107? units, the 
induced emf is 14V. Find the final radius of the coil. 
(b) Name the type 

of gate used in the 

circuit given, find 

the relation between — ;, 

A, B and Y and draw 

the truth table. 

(c) Light of wavelength A = 4000 A incident on a metal 
surface. If stopping potential needed to stop the elected 
photoelectron is 1.4 volt, then find out the work function 
of metal surface. 


4. (a)Separation between two parallel plates facing 
each other is 2 cm and surface area P? = 100 cm?. If 10° 
electrons of velocity 108 m/sec projected into the gap 
between plates of potential difference ф = 400 volt, 
find the deflection of an electron. 

(b) Ofan resonance circuit at which angular frequency, 
potential difference leads the current? 


5. (a) Describe a B^ decay of a neutron. 

(b) For a radioactive material half life period is 
600 sec. If initially there are 600 number of molecules 
find the time taken for disintegration of 450 molecules 
and the rate of disintegration. 
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i SOLUTIONS | 


1. The focal length of lens in air 

| 1113} 

—=(p, -| —-— 
М: Е ry 2. (i) 


a 
The focal length of lens when placed in a liquid of 
refractive index 1.6 


І (5E =H; (хет) 
ЛЕ ш ДА Rj 
From equation (i) and (ii), 
il bly (Ly =) _ (1.5-1)1.6 _ 0.5x1.6 
fa (gH) — (5-16 -0.1 
f47-80*xf,-- 160 cm. 
The convex lens becomes a concave lens. 





.. (ii) 








(a) The torque applied to deflect dipole by small 
E is given by 


- xcu - — pE® 


а 
Also, Ја =/——=-pE® 
dt? 


This satisfies the condition of simple harmonic motion. 
а°9 2_ pE 
== o0 x. а? = Ше: 

dt~ 1 





FT 
Thus time period = 2 | 
рЕ 
(b) By Gauss theorem, Eat r inside the uniformly charged 
sphere (o) 
q l A 
Е Eo 4nr? (3 
"Es io ear Q | 


/ 
4nr? 4ngg R? 





"Е = Ар. 
Given Fmax = R = 0.30 т 
ог, radius of the sphere is 30 cm. 
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1 
x10” 


=3x10° x{3) x10? x 


а = А 





r? х Ate, = 3000х (0.3) x 9 


] 





) 





x10 
=9x 10°C. 
3. (а) Area of coil = лғ? 
ss A 
dt dt 
14 
Induced emf le| = di 
1А 
lel = B— p: ф= ВА] 
dt 


`] x 10° = 10° x 2n x rx 107 


= 1.6 cm. 


n1 
r=—=0.016 m= 
2n 


(b) NAND gate is used in the circuit 


4 





This work as OR gate as output of given circuit is 
equivalent to that only. 
(c) Maximum kinetic energy of electron 


$ » hc ] 
= stopping potential = — – work function 
A 


6.6x 107*4 x 3x105 


4000x107" 
= 4.95 x 10719 — 1.4 eV 
= 3.09 — 14 = 1.69 eV. 


2 
E ud o. 
е 
1.6x107? x 400х107 
2x10 x9.1x102! х (105? 


-1.4eV 


Work function = 


Ӯ 
Ni 
x 
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=~ x10 m = 0.176 cm = 1.76 mm. 


d г voltage leads the current іп the resonant circuit, 


Е РЕНИ" 
RU 


5. (a)Neutron decays to a proton, an electron and an 
antineutrino. This is called neutron beta decay. 

| пә р+ е + о 
(b) The original number of molecules №, = 600 
If 450 molecules disintegration have taken place, the 
number of molecules remaining is 600 — 450 = 150. 


| 

| 

| 

| 

| 

|- aL» = TN => ill 
| LC ЖС 
| 

| 

| 


ee ere ү 
| Ne 2) ae 
m LC t 
| —=: — n22-2— 
Г. 4715) 1/2 


1= 2 х 600 = 1200 sec. 
The rate of disintegration, 





R-N ne WE 150 
dt Tii 


_ 0.693 





x150 = 0.173 disintegrations/sec 


at that instant when 150 molecules were remaining. 
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1. One milligram of water is converted into energy, | 
the energy released will be 


(a) 90 J (b) 9 x 103 J 
(c) 9 x 105 J (d) 9 x 10!? J 
(e) 9 x 109 J. 

2. Inthe diode circuit 

given, 

(a) D, and D, are 


reverse biased 





(b) D, and D. are 
forward bias 
(c) D, is forward 


biased and D, is reverse biased 
D, is reverse biased and D; is forward biased 
D, and D, will not conductive. 


3. [n n-p-n transistor, the collector current is 10 mA. 
If 9096 of the electrons emitted reach the collector, 
then 
(a) 


emitter current will be 9 mA 


(b) emitter current will be 11.1 mA 

(c) base current will be 0.1 mA 

(d) base current will be 0.01 mA 

(e) emitter current will be 11.3 mA. 

4. In the Р 

given в 

circuit the y 
output Y „ | 
becomes 


Zero for the inputs 

(a) 4= 1, В= 0, С= 0 (b) 4-0, 
(с) 4=0,B=0,C=0 (d) 4=1 
(e) 4= 1, 8=1, C = 0. 





> 


5. In frequency modulation 
(a) the amplitude of modulated wave varies as frequency | 
of carrier wave 


(b) the frequency of modulated wave varies as amplitude 
of modulating wave 
(c) theamplitude of modulated wave varies as amplitude 


of carrier wave 
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(d) the frequency of modulated wave varies as frequency 
of modulating wave 
the frequency of modulated wave varies as frequency 


of carrier wave. 


(e) 


Audio signal cannot be transmitted because 

the signal has more noise 

the signal cannot be amplified for distance 
communication 

the transmitting antenna length is very small to 
design 

the transmitting antenna length is very large and 
impracticable 

the signal is not a radio signal. 


A 


In which of the following remote sensing technique 
is not used? 

(a) forest density 

(c) wetland mapping 
(e) medical treatment. 


(b) pollution 
(d) ground water survey 


8. If the unit of force and length are doubled, the 
unit of energy will be 

(a) 1/4 times the original 

(b) 1/2 times the original (c) 2 times the original 
(d) 4 times the original (e) 8 times the original. 


9. A car travels half the distance with constant velocity 
of 40 kmph and the remaining half with a constant 
velocity of 60 kmph. The average velocity of the car 


in kmph is 

(a) 40 (b) 45 
(c) 48 (d) 50 
(e) 52. 

10. Velocity-time 4 


(v-f) graph fora , TERME 
moving object is le 
shown in the figure. | 
Total displacement 

ofthe object during | 
the time interval 0 
when there is non- 


hm 





0 1 20 30 40 50 60 
—— 1 (sec) 
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zero acceleration and retardation is 


(a) 60 m (b) 50 т 
(с) 30 т (4) 40 т 
(е) 65 т. 


11. When а ceiling fan is switched оп, it makes 
10 revolutions in the first 3 seconds. Assuming a uniform 
angular acceleration, how many rotations it will make 
in the next 3 seconds? 


(a) 10 (b) 20 
(c) 30 (d) 40 
(e) 60. 


12. If A and В are non-zero vectors which obey the 
relation | 4+ B| = | A- B|, then the angle between them 
is 


(a) 0° (b) 60° 
(c) 90° (d) 120° 
(e) 180°. 


13. A book is lying on the table. What is the angle 
between the action of the book on the table and the 
reaction of the table on the book? 


(a) 0° (b) 30° 
(c) 45° (d) 90° 
(e) 180°. 


14. А man of mass 60 kg is standing on a spring balance 
inside a lift. If the lift falls freely downwards, then the 
reading of the spring balance will be 

(a) zero (b) 60 kgf 

(c) « 60 kgf (d) > 60 kgf 

(e) 60 kg + weight of the spring. 


15. Which one of the following is not a conservative 
force? 

(a) gravitational force 

(b) electrostatic force between two charges 

(c) magnetic force between two magnetic dipoles 
(d) frictional force (e) force between nucleons. 


16. An 8 kg metal block of dimension 16 cm x 8 cm 
x 6 em is lying on a table with its face of largest area 
touching the table. If g = 10 ms? the minimum amount 
of work done in making it stand with its length vertical 
is 


(a) 0.4 J (b) 6.4 J 
(c) 64 J (d) 4 J 
(e) 12.8 J. 


17. A solid cylinder of mass 20 kg has length 1 m and 
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radius 0.2 m. Then its moment of inertia (in kg m?) 
about its geometrical axis is (in kg m?) 


(a) 0.8 (b) 0.4 
(c) 0.2 (d) 20.2 
(e) 20.4 


18. A cricket bat is cut at the location of its center of 


mass as shown. Then 


(a) the two pieces will have the same mass 

(b) the bottom piece will have larger mass 

(c) the handle piece will have larger mass 

(d) mass of handle piece is double the mass of bottom 
piece 

(e) cannot say. 


19. A simple pendulum is taken from the equator to 
the pole. Its period 
(a) decreases 

(c) remains the same 
(d) decreases and then increases 
(e) becomes infinity. 


(b) increases 


20. The depth at which the value of acceleration due 
to gravity becomes 1/n times the value at the surface 
is (R be the radius of the earth) 





(a) R/n (b) R/n? 

R(n-1) 4 Rn 
(3 ae = (d) (л—1) 
(е) Rn 


21. Construction of submarines is based on 
(a) Archimedes’ principle 

(b) Bernoulli’s theorem (c) Pascal’s law 
(d) Newton’s laws (e) Boyle's law. 


22, Water rises up to a height ^ in a capillary tube of 
certain diameter. This capillary tube is replaced by a 
similar tube of half the diameter. Now the water will 
rise to the height of 


(a) 4h (b) 3h 
(c) 2h (d) h 
(e) 1/2 h. 


23. An incompressible fluid flows steadily through a 
cylindrical pipe which has radius 2r at point 4 and 
radius r at B further along the flow direction. If the 
velocity at point A is v, its velocity at point B is 

(a) 2v (b) v 
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(c) v/2 
(e) 8v. 


24. When water is heated from 0°C to 10°C, its volume 
(a) increases (b) decreases 

(c) does not change 

(d) first decreases and then increases 

(e) first increases and then decreases. 


(d) 4v 


25. An ideal gas is 


taken through a | В(2Р, У)  cQpay) 
cycle ABCA as 

shown in the PY ^ 

diagram. The work 

кте during the AP, V) 

cyc v 0 7 

(b) 2PV (c) 4PV 

(d) PV (e) zero. 


26. A hot liquid kept in a beaker cools from 80?C to 
70°C in two minutes. If the surrounding temperature 
is 30°C, then the time of cooling of the same liquid 
from 60°C to 50°C is 


(a) 240 s (b) 360 s 
(c) 480 s (d) 216 s 
(e) 264 s. 


27. Which of the following is not characteristics of 

simple harmonic oscillation? 

(a) the motion is periodic 

(b) the motion is along straight line about the mean 
position 

(c) the acceleration of the particle is directed towards 
the extreme positions 

(d) the oscillations are responsible for the energy 
transportation 


= 
(e) the period is given by T = 7x dx where the symbols 
have usual meaning. 


28. The resultant spring constant ofthe system of springs 
shown below is 
(ki +k) 
© Lene 
(4% + 2k Xka) 
ky + ky + k3 

(ki + k;) 

2(k + ky + k3) 





(ki ky ky) 
kh +k +k 


(c) (d) 
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ky + ky (ka) 
(e) = 2X) 
+ ky + kh 
29. A source of sound of frequency 500 Hz is moving 
towards an observer with velocity 30 ms’. The speed 
of sound is 330 ms“. The frequency heard by the observer 


will be 


(a) 545 Hz (b) 580 Hz 
(c) 458.3 Hz (d) 550 Hz 
(e) 560 Hz. 


30. A stone is dropped into a lake from a tower of 
500 m high. The sound of the splash will be heard at 
the top of the tower approximately after (given velocity 
of sound = 330 т!) a time of 

(a) 11.5 seconds (b) 1.5 seconds 

(c) 10 seconds (d) 14 seconds 

(e) 21 seconds. 


31. Four identical 
capacitors are connected as 
shown in diagram. When 
a battery of 6 V is 
connected between A and 
B, the charge stored is 
found to be 1.5 uC. The 
value of C, is 

(а) 2.5 WF 

(b) 15 pF 

(c) 1.5 pF 

(d) 1 pF 

(e) 0.1 pF. 





32. A 10 uF capacitor is charged to a potential difference 
of 1000 V. The terminals of the charged capacitor are 
disconnected from the power supply and connected to 
the terminals of an uncharged 6 uF capacitor. What is 
the final potential difference across each capacitor? 


(a) 167 V (b) 100 V 
(c) 625 V (d) 250 V 
(e) 750 V. 


33. A particle of mass m carrying charge q is released 
from rest in a uniform electric field of intensity E. The 
kinetic energy acquired by the particle after moving a 
distance of x is (neglect gravitational force) 


(a) qEx (b) gEx? 
(c) qE*x (d) 42Ех 
(e) Ex. 
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34. The electric field E, current density j and 
conductivity o of a conductor are related as 


(a) с = Elj (b) o =j/E 
(c) o ЈЕ (d) o = IJE 
(e) o = PE. 


35. Two cells of same 
emf E but different 
internal resistances r, and 
г» are connected in series 
to an external resistance 
R. The value of R for which the potential difference 


a 


across the first cell is zero is given by 
(а) R-7n-r; (b R=rf+r, 
(c) R7 rur; (d) = rir; 
(e) Rr, = р. 


36. Two wires that are made up oftwo different materials 
whose specific resistances are in the ratio 2 : 3, length 
3 : 4 and area 4 : 5. The ratio of their resistances is 


(a) 6:5 (b) 6:8 
(c) 5:8 (d) 1:2 
(e) 1:4 


37. A galvanometer has 30 divisions and a sensitivity 
16 n A/div. It can be converted into a voltmeter to read 
3 V by connecting 

(a) resistance nearly 6 kQ in series 

(b) 6 kQ in parallel . (с) 500 Q in series 

(d) it cannot be converted 

(e) 6.6 kQ in series. 


38. An alpha particle and a proton of same velocity 
enters a uniform magnetic field at right angles to it. 
The ratio of the radii of the circular paths of alpha 
particle and the proton respectively is 

(a) 1:2 (b) 4:1 

(c) 1:4 (d) 2:3 

(е) ә] 


39. Two long parallel wires Р апа О are both 
perpendicular to the plane of the paper with distance 5 
m between them. If P and O carry current of 2.5 amp and 
5 amp respectively in the same direction, then the 
magnetic field at a point half way between the wires is 


V3uo Mo 
(a) "PUR (b) = 
Зо Ho 
e 2n (4) 2n 
з 
(е) Me 
it 
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40. An ac source of frequency 50 Hz is connected in 
series to an inductance of 0.5 H and resistance of 
157 ohms. The phase difference between current and 


voltage is 
(a) 90? (b) 60° 
(c) 75? (d) 45? 
(e) 30°. 


41. A transformer with efficiency 8096 works at 4 kW 
and 100 V. If the secondary voltage is 200 V, then the 
primary and secondary currents are respectively 


(a) 40 A, 16 A (b) 16 A, 40 A 
(c) 20 А, 40 А (d) 40 A, 20 A 
(е) 40А, 10А. 


42. The following 
series resonant LCR 
circuit has a quality 
factor (Q-factor) 0.4 
and a bandwidth of 
1.3 kHz. The value of 
inductance is then 





(a) 0.1 H (b) 0.94 H 
(c) 2H (d) 10H 
(e) 5 H. 


43. Which one of the following is not electromagnetic 
in nature? 
(a) X-rays 
(c) cathode rays 
(e) microwaves. 


(b) gamma rays 
(d) infrared rays 


44. A glass slab ofthickness 3 cm and refractive index 
3/2 is placed on ink mark on a piece of paper. For a 
person looking at the mark at a distance 5.0 cm above 
it, the distance of the mark will appear to be 


(a) 3.0 cm (b) 4.0 cm 
(c) 4.5 cm (d) 5.0 cm 
(e) 3.5 cm. 


45. A fish looking from within water sees the outside 
world through a circular horizon. If the fish is 4/7 m 
below the surface of water, what will be the radius of 
the circular horizon? 


3 
(a) 3m (b) Vi m 
(с) J7 т (d) 347 m 
(e) 4 m. 


46. When the angle of incidence on a material is 60°, 
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oo ш e, 


the reflected light is completely polarized. The velocity | 6. 


of the refracted ray inside the material is (in ms!) 


MUS WS 
(6) 5) 


(а) 3 х 108 

(c) v3x108 (d) 0.5 х 108 

(е) 0.75 х 108. 

47. The wavelength of the matter wave is independent 
of 

(a) mass (b) velocity 

(c) momentum (d) charge 

(e) frequency. 

48. In a sample of radioactive material, what fraction 


of the initial number of active nuclei will remain un- 
disintegrated after half of a half-life of the sample? 


| 
(b) 


4 2/2 
(d) 2/2 





(a) 


(0 5 
(е) 42 


SOLUTIONS SE 


1. (d): E= m= 1 x 10° х (3 x 108)? 

=10°x 9 x 10!6 = 9 x 10!° J, 
2. (c): When positive terminal of battery is connected 
to the p-side and negative terminal to the n-side then 
diode is said to be forward biased while when negative 
terminal of battery is connected to p-side and positive 
terminal to the #-side then diode is said to be reverse 
biased. 
3. (b):Letthe number ofelectrons emitted per second 
at emitter be x. 


9 
x= TO mA 
100 


100 
ly ex = E mA = 11.1 mA 


Also, f= Гр + I; or, ly 1.1 mA. 





20 c 1 


5. (b): The process of changing the frequency of a 
carrier wave (modulated wave) in accordance with the 
audio frequency signal (modulating wave) is known 
as frequency modulation (FM). 
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(d) : Following are the problems which are faced 
while transmitting audio signals directly. 

(i) These signals are relatively of short range. 

(ii) Ifeverybody started transmitting these low frequency 
signals directly, mutual interference will render all of 
them ineffective. 

(iii) Size ofiantenna required for their efficient radiation 
would be larger i.e. about 75 km. 


7. (e): Remote sensing is the technique to collect 
information about an object in respect of its size, colour, 
nature, location, temperature etc. without physically 
touching it. There are some areas or location which 
are inaccessible. So to explore these areas or locations, 
atechnique known as remote sensing is used. Remote 
sensing is done through a satellite. 


8. (d): Energy - force x distance 


9. (е): pa total distance E (4/2) (2/2). 21у) 


total time d/2 A d/2 É v +y 
n Y? 
4 
AON 60x T e T 
40+ 60 


10. (b) : Between time interval 20 s to 40 s there is 


| non-zero acceleration and retarding. 





Distance travelled during this interval 
— area between interval 20 s to 40 s 


1 : 
= —x base х height + area of rectangle 


x 20x3+20x1=30+20=50 m. 


11. (c) : Angle turned through in 3 seconds 





= 2n x 10 = 207 
і a I 
But Ө=0џу+-0 => 20n20-4—o.9 
2 2 
4 ^ 
= а= 101 radians/s^ 
40nx:; 40m 
0; = 0+ 00; Oz = O+ GE 
40n 1 40x 


= ——-x34———x9-60n 
Ө from 6s 103 5 3 2 9 


The number of revolutions made from 3s to 6s 
= 60л/2л = 30. 


12. (е) : |4- 8|= | A- В| 
| A? +| BP 2| А|| В|созӨ= | AP +| BP —2| А|| B| oso 
> 4| A|| B| cos0 - 0 

cos8=0 => 6=90°. 
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reaction of table 
in a capillary tube of radius ғ is given by й = 25cos8 
rpg 
hee lr. 
АВЕ -. When diameter of tube is half of original then water 


will rise to a height 2^. 


23. (d) : From equation of continuity 
av = а constant 
ад Уд = ав Vg 
= nQryv-mnnm!v, = 
24. (d): As the temperature 
of water increases its volume 
decreases till 4°C, at this 


action of book 
14. (a): Inside a freely falling lift, as the spring balance 
is attached to the lift, with respect to the lift, the mass 
is weightless. 





15. (4): Force of friction is пө} conserved. This is not 
a conservative force. 























16. (d) : Work гч temperature volume of water 
done = mgh ; : is minimum. On further 
The height of елы: increase in the temperature, — temperature 
centre of mass де : : (8-3)=Scm=h | Volume starts increasing. 
ишу ee RR ere А 25. (d) : Work done = area enclosed by triangle 
The height when 7f 13 cm ч d 
the block is gp -lkQp-Pyav -vy- Lx Px2y = PV. 
vertical = 8 cm Srem 2 2 
- Work done = mgh е ай 26. (4): From Newton’s law of cooling, 
=8 x 10 x (5 x 107) 9,70, (9*9; а) 
= 400 х 102 = 4]. бст fr ee 
17. (Ь) : The moment of inertia of cylinder about the | When liquid is cooled from 80°C to 70°С 
geometrical axis = MR?/2 S шз 30 
F S su A 
. 20x(0.2) -04 kgm? 120 2 
2 i Ө 10 x 
18. (b) : Centre of mass is closer to massive part of 120x 45 "и 
the body therefore the bottom piece of bat have larger | When liquid is cooled from 60°C to 50°C 
mass. ю-3° [823 | 
19 (rea å 
К ор MM Mem c 
As we go from equator to pole the value of g increases. t 120x45 25 = 
Therefore value of time period of simple pendulum [using (i)] 
decreases. 27. (с) : Acceleration e — displacement 
The direction of acceleration is always directed towards 


20. (c) : Acceleration due to gravity at a depth d 





d the equilibrium position. 
- gfi -2) 28. (e) : Two springs к, and k, are parallel which are 
d ; d in series with А. spring. 
821-4) - 1-1-5) NET 
д a ! n REP" 
AU quu ag BO. i 
n R n 29. (d) : Apparent frequency = M 
ae | 330 330 
: j i iauid will ri = 500 = —— x 500 
22. (с): The height л through which a liquid will rise | 330-30 x 300 
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v’ = 550 Hz. 
I. (a) : The time taken by stone to reach lake 


1-2 
= WE 


500 = 0х +10 


12 = 1005 = Д = 105. 
1e time taken by sound to reach tower 


Total time taken by sound of splash to be heard 
t7n*t710-1.5s711.55. 


1. (e) : The capacitance 





oss A and B 
C 
= >+- 4 
2 1 1 1 
s О= СУ, A 
Э ii EU 
1.5uC= 28 x6 This p 


S = x10" = 0.1х107°Е =0.1 НҒ. 


2. (с) : After charging, total charge оп the capacitor 
О = CV, where C = 10 uF 
= 10 х 10°F x 1000 У = 10? C. 
Vhen this charged capacitor is connected to uncharged 
apacitor then total charge remains same. 
Q-Q +0, 
10? = (C, + CV 


-2 
rae 


=—— => V=625V. 
16х107° 


3. (a) : Kinetic energy = force х distance 
= Eq x x = qEx. 


4. (b) 





R 


‘rom circuit, V, + V, = iR 
Е - іб + E—ir,- iR. Also ir, = E (given) 
irj — ir, t ir, — ir, - iR = К = ру – Р). 
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Л x 2E E 
Alternative : i --——————— = — 
n*5-R m 


As ir, = E (given), i = — 


n 


=> 2n-r + + К = R=r – Р). 


1 
36. (с) : Resistance = Ре 


R fih = 2:345 = 5 
Ry P2 h A з 4 4 8 
37. (а) : (R + GI,» V / R 
(REG 9 
I, 
= = 6.25 КО. 


30x16x10% 
Value of R is nearly equal to 6 KQ. 
This is connected in series in a voltmeter. 


my 


38. Dr e 
(e) qB 
E. Ma „4р Am, e 2 
"p Ia тр 2e m, 1 
39. (4): ве 2.23] 
4mh2:5 2.5 
2.5A SA 
30,25 Ho 
ZT 2m WLU 2.5m 


40. (4): tang = == SEL OSOS 











R 157 
where ф is the phase difference between current and 
voltage. 

tand ~ 1, ф ~ 45°. 
а Oe nH output power _ ESI 
input power Е,/, 
80 200х/, 
100 4x10? 
ce Es Oa 
100 200 
Also, Е,1, = 4 KW 
ps dx 40A 
100 
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] ue L 
42. 0-12 => c7 (OxRy 


= L=(0.4 x 2 х 10°) x 0.1 x 10° = 0.64 Н. 
None of the given answer is correct. 

43. (c) : Cathode rays are invisible fast moving streams 
of electrons emitted by the cathode of a discharge tube 
which is maintained at a pressure of about 0.01 mm of 


mercury. 
44. (b) : The apparent depth of ink mark 
real depth 
- F 
= —-=2 cm. 
3/2 


Thus for person mark is at a distance = 2 + 2 = 4 cm. 


45. (a) : From condition of total internal reflection, 








sin = -- seas ais 
и ; 4 
R І Ҳу h 
= т d 
үк + H 
= Piece 
" 1 
= HTP 19де [eni] 
1 E 
7 ^ 
=> = OR R > QUE 
=> gatis = R=3m. 
46. (c) : From Brewster’s law, 
u= tan/, = f= = tan 60° 
i v 
3x10" 8 
ENF =/3 x10! m/s. 
V3 
47. (d) 
n 
48. (c) а) 
Ny \2 
Т 1i А 
where »=——. Also T = 1/2. given. 
1/2 2 
п = 1/2. 
Nr 1 
ae Е. 
е 
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Is а flying bird іп а bottle lighter | 


than it sitting on the bottom? 


When the cap is sealed, the bird and the bottle form| 
a sealed system. As long as the bird is not accelerating 
up or down (ie sitting on the floor or flying level) the 

center of mass of the system is moving with a constant | 
vertical velocity. | 
On the otherhand, if the bird is accelerating downwards, | 
then so is the center of mass. The net force on the 
system must be a small downwards force - so the 
upwards force from the scale is slightly less than the 
gravity force on the system. Thus the scale reads: a 
smaller weight than the weight of the sitting bird in 
the bottle. Similarly, if the bird is accelerating upwards, 
the net force is also upwards - the scale reads a higher | 
weight than the sitting bird. | 
Physically, what is happening is that when the bird is} 
flying steadily, it is pushing air downwards with its! 
wings to keep it up in the air. This causes a wind to! 
flow downwards which impacts the bottom of the bottie. 

pushing it down. This downwards flow of air also creates ' 
a slight vacuum above the wings, which creates a small 

| force downwards on the ceiling of the bottle. 

The downwards force from the air on the bottle pushes 
down with exactly the weight of the bird (if the bird 

is not accelerating), making the scale push upwards 

with an extra force. 

When the cap is opened, the system stops being closed 

and the parts really do need to be considered sperarately,: 
but we can get an idea about what happens by thinking 

about it a little: 





1. Ifthe bird is "in" the open bottle but very, very, | 
far above the tops of the walls of the bottle, only | 
a small amount of its down draft will be felt by | 

| the bottle - making the bottle approximately its 
empty weight. 

2. Ifthe bird is sitting on the floor of the bottle, ће! 
bottle feels its whole weight. 








3. If the bird is flying in the bottle, then although 
all of its downdraft should hit the floor of the 
bottle, the small downwards force on the ceiling 
created by the slight vacuum made by the wings 
is absent, making the bottle lighter than the closed 
bottle. | 
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Q. Тһе most frequent 
orbital manoeuvres 
performed by 
spacecraft consist of 
velocity variations 
along the direction of 
flight, namely 
accelerations to reach 
higher orbits or 
brakings done to 
initiate re-entering in 
the atmosphere. In this problem we will study the orbital 
variations when the engine thrust is applied in a radial 
direction. 

To obtain numerical values use: 

Earth radius А; = 6.37 х 105 m, Earth surface gravity 
g = 9.81 m/s’, and take the length of the sidereal day 
to be Ty = 24.0 h. 

We consider a geosynchronous communications satellite 
of mass m placed in an equatorial circular orbit of radius 
ro. These satellites have an "apogee engine" which 
provides the tangential thrusts needed to reach the final 
orbit. 

Marks are indicated at the beginning of each subquestion, 
in parenthesis. 


Image: ESA 


Question 1 

1.1 Compute the numerical value of rọ. 

1.2 Give the analytical expression of the velocity vo 
of the satellite as a function of g, Ry, and rọ, and calculate 
its numerical value. 

1.3 Obtain the expressions of its angular momentum 
Lg and mechanical energy Eo, as functions of v9, m, g 
and Ry. 

Once this geosynchronous circular orbit has been reached 
(see Figure F-1), the satellite has been stabilised in the 
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desired location, and is being Ys P 
readied to do its work, an error Е тает; T 
by the ground controllers causes Pd di 

the apogee engine to be fired i 

again. The thrust happens to Д 
be directed towards the Earth \ А 
and, despite the quick reaction ^ Е 
of the ground crew to shut the 
engine off, an unwanted Е-1 

velocity variation Av is 

imparted on the satellite. We characterize this boost by 
the parameter [8 = Лу/у,. The duration of the engine 
burn is always negligible with respect to any other orbital 
times, so that it can be considered as instantaneous. 


Question 2 

Suppose В <1. 

2.1 Determine the parameters of the new orbit, semi- 
latus-rectum / and eccentricity є, in terms of ry and В. 
2.2 Calculate the angle œ between the major axis of 
the new orbit and the position vector at the accidental 
misfire. 

2.3 Give the analytical expressions of the perigee rmm 
and apogee 7,,, distances to the Earth centre, as functions 
of rọ and B, and calculate their numerical values for 
B= 1/4. 

2.4 Determine the period of the new orbit, 7, as a function 
of T, and В, and calculate its numerical value for 
В = 1/4. 


Question 3 

3.1 Calculate the minimum boost parameter, Beso ,needed 
for the satellite to escape Earth gravity. 

3.2 Determine in this case the closest approach of the 
satellite to the Earth centre in the new trajectory, ғ mins 
as a function of rọ. 


For more about this exam read MTG's 
Physics Olympiad Problems and Solutions 
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Question 4 

Suppose В > Besc- 

4.1 (1.0) Determine the 
residual velocity at the f / 
infinity, +. , as a function UE! 
of у and p. | 
4.2 (1.0) Obtain the 
"impact parameter" 5 of the EN 
asymptotic escape direction A У, Я 
in terms of ғ, and f. (See ^N /b 
Figure F-2). F2 E 

4.3 (1.0 0.2) Determine = 
the angle of the asymptotic 

escape direction in terms of D. Calculate its numerical 





3 
value for B = Bese: ; 


HINT 

Under the action of 
central forces obeying the 
inverse-square Іам, 
bodies follow trajectories 
described by ellipses, 
parabolas or hyperbolas. 
In the approximation 
m << M the gravitating 
mass M is at one of the 
focuses. Taking the origin 
at this focus, the general polar equation of these curves 
can be written as (see Figure F-3) 


т 





r(8)2 ———— 
1—£cos0 
where / is a positive constant named the semi-latus- 


rectum and € is the eccentricity of the curve. In terms 
of constants of motion: 


p EP l^ 
1: ——— and d 35 
С S 


Мт? G^M?m? 


where С is the Newton constant, L is the modulus of 
the angular momentam of the orbiting mass, with respect 
to the origin, and E is its mechanical energy, with zero 
potential energy at infinity. 

We may have the following cases: 

i) If0<e<1, the curve is an ellipse (circumference 
for £ = 0). 

ii) Ife = 1, the curve is a parabola. 

iii) If £ > 1, the curve is a hyperbola. 
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SOLUTIONS 














1.1 and 1.2 
G Lay =m 3o. Vo zz 21% z = СМІ 
n қ 1% Rr 
/ R T2 \1/3 
s [ER => n-422x107 m 
4n = 
=> 
у= |= = vy =3.07х103 m/s 
т 
eR; mgR2 
1.3 [= тур = —7-mvy > Ц = Р 
YO Yo 
Ер = lm -Gm zi vo? сат 
2 % т 


19472 1.8 
= m -mè > Eo =- mvo 5 


2.1 The value of the semi-latus-rectum 1 is obtained 
taking into account that the orbital angular momentum 
is the same in both orbits. That is 


ц? т?р? 4 1 gR? 
re ae ЖЛ a 
GM т vo gRr m LN 
=> l=. 
The eccentricity value is 
e? xj har idi 
G^ Mým 
where E is the new satellite mechanical energy. 
к>! zd. 3 2 iW МТТ 
Lo v 5) A0 "TES J MJ h 
1 
=—mAv* + Ey = Y my? 152 
2 2 2 
Av n 
That is E=L mm? ao! -—— (82-1) 
2 v 2 E 


Combining both, one gets £ = p. 
This is an elliptical trajectory because є = 8 < 1. 
2.2 The initial and final orbits cross at P, where the 
satellite engine fired instantaneously (see figure 4). At 
this point 

r(8= a) = = ———— d Z (ita 

i--Bcosa 2 

2.3 From the trajectory expression one immediately 
obtains that the maximum and minimum values of r 
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correspond to Ө = 0 and Ө = 7 respectively (see figure 4). 


Vo Di е SS 


CM. mat 
3: á Р, Ay S i \ 
i i р, a= Л X 
Af Fu E diuites a+ | 
\ min ^ T max 1 
/ 
ч fo 
„ХЕ ee 
ee s — 
Figure 4 
Hence, they are given by 
I три i 
u^ Est v ere 
% 
he. "LAST and r4,--——. 
max min 1+ B 


For В = 1/4, one gets 

Рах = 5.63 х 107 m; км, = 3.38 x 107 m. 
The distances Fmax and r,,, can also be obtained from 
mechanical energy and angular momentum conservation, 
taking into account that ғ and v are orthogonal at apogee 
and at perigee. 





2 
Е = ЗР (82-1) = Eme eee 
2a m 2 
2 
Lo = mee - mvr 
Vo 


What remains of them, after eliminating v, is a second- 
degree equation whose solutions are Fmax and Pine 


2.4 By the third Kepler's law, the period 7 in the new 
orbit satisfies that 


m 

a n 

where a, the semi-major axis ofthe ellipse, is given by 
t "min M. 
2 1-p* 
Therefore, T = 7,(1 — 82). 

=\73/2 


Fmax 
а= mx 


For В = 1/4, г = 26.4 h. 


16 
3.1 Only if the satellite follows an open trajectory it 
can escape from the earth gravity attraction. Then, the 
orbit eccentricity has to be equal or larger than one. 
The minimum boost corresponds to a parabolic trajectory, 
with € = 1. 
Е = В = Bese el 

This can also be obtained by using that the total satellite 
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| 
| 








energy has to be zero to reach infinity (E, = 0) without 
residual velocity (E, =-0). 


1 
E= — ту) (Bere -— у= 0 > pos =] 


= оо, 


This also arises from T = œ or from Fmax 


3.2 Due to € = Besc = 1, the polar parabola equation is 
I 
PS 
1 —cos0 

where the semi-latus-rectum continues to be / = rg. The 
minimum earth-satellite distance corresponds to Ө = т, 
where r^4,, = ry/2. 

This also arises from energy conservation (for E = 0) 
and from the equality between the angular momenta 
(Lo) at the initial point P and at maximum approximation, 
where r andv are orthogonal. 





4.1 Ifthe satellite escapes to infinity with residual velocity 
VY... by energy conservation, 





1 275652 | > 
I ERE TN e — т 
1 2 (B° -l)= „Муш 


> Vo = v (P^ i 1^; 


14.2 As e= B > B, 1, 


the satellite trajectory 
will be a hyperbola. 

The satellite angular 
momentum is the same 
at P than at the point 
where its residual 

velocity is v, (figure ^.^ 
5), thus туо = туй 


Asymptote 





Y 
So, b= Dy a 
LM 


> Ь= (В –1) 7^. ^N 
4.3 The angle А 
between each 
asymptote and the 
hyperbola axis is that appearing in its polar equation 
in the limit ry — ce. This is the angle for which the equation 
denominator vanishes. 


|= BOS O у» =0 = Ө ул 
According to figure 5, 


Asymptote 
N V 
Figure 5 x 


= cos '(1/B) 


i) 


3 3 
For B= Bese = ol gets ф =138° = 2.41 rad. 


1 


T 2 
9 — ct asym 





. Tt = 
=> еа 
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a [27015 септе 





The problems given here are intended for. students preparing for IIT-JEE. and students are 
advised to make a sincere effort of solving these problems before going through the solutions. 


1. Two capacitors in series 
are charged by a 12.0 V 
battery that has an internal 
resistance of 1.0 Q. There is 
a 5.0 Q resistance in series 
between the capacitors. 

(a) What is the time constant of the charging circuit? 
(b) After the switch has been closed for a time, 
determined in part (a), what is the voltage across the 
3 uF capacitor? Across 5 Q resistor? 

Soln.: (a) R (equivalent) = 1+5=6Q 


lu. і 


r=1Q 


3 pF 


5Q 
= 6 uF 





6 
C (equivalent) = I. 2 uF. 


Time constant, т = RC = 12 u sec. 
(b) q = q«(1 — e^) 
where до = EC = 12 х 2 = 24 uC 


At time / = т 
а = 901 — е!) = 0.639, = 15.12 UC. 
Заа cfe 
Current, bir =һе В 
where Bee A. 


At time ¢ = т, і = 0.37i = 0.74 A. 

Potential difference across 3 uF 

Vo AE = 5.04 volts. 
[Note that charge on both the capacitors is same]. 
Potential difference across 5 Q 

Ир= іх 5 = 0.74 x 5 = 3.70 V. 


2. A uniform solid ball of radius А rolls without slipping 
between two horizontal rails such that the horizontal 
distance is d between two contact points of the rails to 
the ball. 


(a) Show that V,,, «ov R2 - 22/4. 

where œ is angular velocity of the ball. 

(b) Now consider a pair of equally inclined rails with 
a separation d (< 2R) and consider a uniform ball starting 
from rest and descending a vertical distance / while 


By :Shashi Bhushan* 





































rolling without slipping. Find the speed of centre of 
mass of the ball at the bottom of the rails. 

Soln.: (a) The 
section of the rolling 
ball perpendicular to 
the rails and parallel Р 
to the rails has been 
shown. Note that ball is in 
contact with rail at point P 

only in the second diagram. 

(And of course at another 

point Q opposite P which is 

not visible). 

Since there is no slipping, у» =0 
But vp =Von *vpo (velocity of P relative to CM) 


or, O2 v, (2)*e(OP) (— => Vom =OVR? - d?/4. 


(b) While rolling down the inclined rails, the same 
relation holds between v,,, and w. Since there is no 
sliding, friction does not perform any work and 
mechanical energy is conserved. 

: К.Б bottom ^ Р.Е. top 





Yards into the plane 
of the paper 


rail 


RE Z 


f 


12.2 к = 
= Zen 215" o = тр 


R2y2 


2 2 cm 


vi —— Ms 2 gj 
SR ама йы 





3. Inapark, atoy train moves 
along a square path of side 
length a blowing a whistle of 
frequency 300 Hz. A boy is 
riding a toy car running on a 
circular track of radius a/4. The 
centres of the square and the circle coincide. The car 
moves with a constant speed of 11 m/s. At the initial 
moment of the train was at 7 and the car at C. The train 








* Faculty of Momentum, 1525, Wright Town, Jabalpur (M.P.). Ph.: 0761-5005358 
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moves such that the points O, C and 7 always lie on the 
radial line. Determine the maximum and minimum 
frequency heard by the boy. Speed of sound is 330 m/s. 
501п.: Consider the situation when 
train has moved a distance x. 
Speed of train, 


v,sinü 


dx día 
y.— =-=—:; ~tan@ 
" dt dt\2 j 
a. »,dO a 2 
77,886 0 v 59 sec“ @. 





where 2 0 = angular speed of 


the train = angular speed of car 
]]m/s 44 


T = = rad/sec. 


vy = 22 sec?0. 
The Doppler shifts depends on velocity of train along 
the line joining C and 7. Note that the velocity of car 
is always perpendicular to this line and hence has no 
effect on apparent frequency. 
Component of train’s velocity along C'T" is 

V7 = vy sinO = 22 sec?0 - sin 
In the position shown minimum frequency will be 
registered by the boy оп the car when v,, is maximum. 
= when sinO - ѕес20 is maximum 
=> when 0 = 45? 





[.' both sinO and sec8 are increasing function when Ө . А етее И РУНА 7 
= ) x1, | contains a monoatomic g 
changes from 0° to 90°, and 45° is the maximum possible | A р P 


value of 0 in this case]. 

Minimum frequency is heard y 
when the train is about to reach 
the corner. 





уу, = 22 sec?45° · sin45? 
= 224/2 m/s. 
330 
„ = 300 | ——————— |= 274.2 Hz. 
fnis |= +2242 | 


Maximum frequency is heard when 5 


the train takes the turn at the corner. 
In this situation the velocity 
component of the train is towards 
the car and is maximum. 


330 
зоор 
fnis ux. 





p» Hz. 


4. Agasisundergoing an adiabatic process represented 
by the graph shown in figure. Ata certain stage (shown 
by point A in the graph) the pressure and volume is Po 
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| volume using the given 


and I’) and the tangent at 
А makes an angle Ө with 
volume axis as shown. Find 
the value of molar specific 
heat of the gas at constant 














information. 
Soln.: For a adiabatic process, PV = constant 
EX “рү? 1, praP_g dP — thy 
uL. dl аг Г, 
(22) Ih 
| Ка), Vo 
| But | а | —--tant [from the graph] 
| \ dF Js 
Wo rit ES Pop nn E 
Hs ћу 
Р R R RP, 
Since, Cy = —————-. 
Yor ү-1 Kotanü : lo tan — А 
Py 
8. A non 340 
conducting cylinder is 
fitted with a 


; cross sectional area A, 





Atmosphere 


conducting piston of Tn P, 





thickness d and thermal conductivity К. The cylinder 


То. The piston is open to the atmosphere (atmospheric 
pressure = P,) as shown and can slide without friction. 
The heater fitted inside the cylinder supplies heat at a 
constant rate of q and is switched on at ¢= 0. 
(a) Find the temperature of the gas as function of time. 
(b) Find the maximum volume of the gas if its initial 
volume is Vo. 
Soln.: (a) Let the temperature of the gas be T at time £. 
Rate of heat supply by heater 

= rate of heat absorbed by gas + rate of heat 

conduction to atmosphere through piston 

Heat supplied by heater in time dt = qdt 


| Heat absorbed by gas in time dt = nCpdT 


where dT = rise in temperature in time dt. 
Note that process is isobaric as gas expands under 
constant atmospheric pressure. 
Heat conducted through piston in time dt 
KA(T - f 
25 ( 0) у 
а 
AT- 
qdt = nCpdT EC 
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=> inar -(,- КАО a 


í d 
dT mm 
= qgd-KA(T-Ty) SnRd 
T dT 


2 t 
4 —————— MÀ ———— 1 
Integrating, | qd- КА(Т-Ту) 5nRd J 
Lia SAAT) ж, 
KA qd 5nRd 
wa _2KAt 
= а) 5nitd 





— 





2KAt 
sg yu emm 


(b) Temperature is maximum when : — œ and 





1 


тах ~ 


or, At maximum temperature, 
rate of heat supplied by. heater = rate of heat lost by gas 


KA d 
9 =~ mx —Ty) = шал eT 
RE 
Process is isobaric, = = == 
Т ЛЕБ 





K 554x10* 
E "102 
Note : This fraction is too small. Hence we made almost 
no error in assuming that almost all energy is possessed 
by photon. 


Required fraction = -:5.43x 10. 


7. ÀA radioactive source emits f.-particles with kinetic 
energy K and has half life T. At an instant the 
concentration of В particles at a distance r from the 
source is C. 

(a) Calculate the number of nuclei in the nuclide at 
that instant. 

(b) If a small plate is placed at a distance 7, from the 
source such that В particles strike normally and come 
to rest, calculate the pressure experienced by the plate. 
Mass of f) particle is m. 

Soin.: (a) Let A = activity of source. 
The number of particles (В) emitted 
per second = А. 

Consider an imaginary shell of 
radius r centred at the source. In a 
time interval dt, Adt number of 
B-particles cross the surface of the 
shell. If v be the speed of B particles, then А4? particles 
will be present inside the annular region of thickness 








6. An electron in a H atom at rest makes a transition 
from n = 2 energy state to n = 1 state. Assuming that 
the recoil energy of H-atom is small, calculate the fraction 
of energy difference between n = 2 and n = 1 level that 
goes into atomic recoil energy. [mc? = 939 MeV, where 
m is the mass of H-atom]. 

Soln.: From conservation of momentum, the total 
momentum before and after photon emission shall be 
Zero. 


... (i) [E = energy of photon] 
But E = E; — кв, = 10.2 eV. 
Note that recoil kinetic energy of H-atom is very small 
due to its large mass and hence the entire energy may 
be assumed to be possessed by the photon. 

10.2 eV 

c 
Recoil of kinetic energy of H is 
1.2 О? 0,5 0102) 
2 2т тс“ 


Е 
mV = рс 





From (i), mv = 


2 PN 
= к= (0:002) 5 S4 19 eV. 
939x10 
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dr = vdt. 

Volume of annular space = 477? vdt 

Concentration of В particles in this region (i.e. at a 
distance r) is 


ИШЕ 
4nr vdt 
But A = AN, where N is instantaneous number of 
radionuclide in the source. 
(A Anr^vC | Anr vCT | ee d 
NC A ood ui T 


Кет? = v= (2 


N= 4nr*CT [2K | 
In2 m 
(b) Each f-particle strikes with a momentum ту and 
loses all its momentum. 
Change in momentum of each f particle = mv 
Pressure on plate = (mv) x number of particles striking 
per second per unit area 
A AN 
= тух = = mvx - 
ÅT Ann’ 





=> A=4nr vC 











75 











my. Ann C T рк E 
= ——— = туС,|— 
1п2 т т 


1 4nny. 
[^r 

-J2mK C (2K _ 2KC. 

y m 





8. A cylindrical glass rod of 
radius R and refractive index 
J2 lies on a horizontal plane 
mirror. A ray of light is incident 
on the rod horizontally at a 
height АЛ above the horizontal 
diameter of the rod such that A= RIX2 as shown in 
figure. At what distance a second similar rod, parallel 
to the first, be placed on the mirror, such that the emergent 
ray from the second rod is in the line with the incident 
on the first rod? (Take 4/3 =1.75, ѕіп15° = 1/4, 
соѕ15° = 9/10.) 

Soln.: The path of the ray is shown in figure. From 
symmetry of the problem, the distance between the rod 
will be 2d. 





From AAMC the angle of incidence will be 


RIN2 za => і= 45°. 
к у 
Using Snell's law at point A : 

sin45?- J2sinr => r=30° 
So from A4CB, В = 120° = a= 15? 
Since here с z 0 so CD will not be radius (note this 
step carefully). 
= BN>R 
Now, d= ON + NP = CD + NP 

= Rcosa + BNtany = Rcosa + (BD + R)tany 





sini = 


а = Rcosa + (Rsina + R)tany .- (i) 
Since, sini = J2sinr =sine 
=> і=е= 45° => y=60° 
So, d = Rcos15 + (Rsinl5 + R)tan60 
= 3.08R 
So required distance = 2d = 6.18R. 
a 





Contd. from page no. 4 


Conservation of momentum 
A ball at rest has no momentum. It is in its state of 
inertia. According to the law of conservation of 
momentum, the vector sum of the momentum is constant. 
That applies to closed systems. 

When ball A is going to the right along the X axis it has 
momentum only in that direction. For our purposes 
let's say that the momentum of ball 4 is 5 m/s. Ball B 
is in the path of ball A. Ball A hits ball B and they 
move off in their respective angles. Momentum is 
represented by (mass x velocity). If ball А has a mass 
of 2 kg the momentum is equal to 10 kg m/s. 
Ball B also has a mass of 

2 kg. Dependent on the 


after 
collision 


angle of ball А are the before "(B 
angles at which both balls i collision К 

will roll. Let's assume 2^ 60 

that ball А will go off at е, Org 

30 degrees and ball B will ^ © 
go off at 60 degrees. After Y, 


they come in contact with one another both balls will 
have a y and a x component. These components can be 
figured out with geometry. 
By solving equations 

Твин; + TRAMA, = HAYA, + eV, 

ТвИву + M4Ugy = ТдУду + mgvp, 
We can easily calculate the velocities of ball А and В 
after coming in contact. 


Collision 

The key to billiards is to know what is going to happen 
to the balls after the collisions. This is important not 
only for making shots and pocketing balls, but also for 
setting up your next shot by placing the cue ball in line 
for the next ball. There are always ways of altering the 
spin of the ball to change where the ball will end up in. 
Tn a head on collision, the object ball will continue on 
the path that the cue ball was on before the collision 
took place. In angular, two dimensional collisions, the 
two balls will always have a resulting angle of 90 degrees. 
A collision is also takes place when you strike the ball 
with the cue stick. This is called an impluse. 

The collisions in a game of pool can get very, very 
complex. For example, when you break, many of the 
balls are already moving at different speeds and different 
angles. These are difficult collisions to figure out vectors 
are needed to sort out that. The velocity of the ball can 
be determined by using vectors. The formula for this 
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1. A bullet of mass 10 g is fired horizontally into a 
wooden block of mass 10 kg, which lies on a smooth 
horizontal table. The bullet is embedded in the block 
and the block slides with a velocity 0.2 m/s after the 
impact. Find the muzzle velocity of the bullet fired 
from the gun and the total mechanical energy lost in 
the impact. 


2. Two trains A and B are travelling in opposite 


8. A closed vessel 10 litres in volume contains air 
under a pressure of 10? N/m?. What amount of heat 
should be imparted to the air to increase the pressure 
in the vessel five times? 


9. A copper plate (thickness d, = 9 mm) and an iron 
plate (d, = 3 mm) are put together. The external surface 


| of copper plate is maintained at a constant temperature 


directions along straight parallel lines at the same speed | 


60 km/h. A light aeroplane crosses above them. A person 
on the train A sees it cross at right angles, while a person 
on train B sees it cross at an angle tan^!(1/2). At what 
angles does the aeroplane cross the line as seen from 
the ground? Also calculate the ground speed of the 
aeroplane. 


3. A mass M moves in a vertical circle at the end of 
a string of length L. Its velocity at the lowest point is 
vo. Determine the tension in the string when it makes 
an angle 0 to the downward vertical. 


4. Apendulum consists of auniform rod AB of length 
І = 0.5 m and mass M = 1 kg. Calculate the period Т 
of the pendulum, if it is suspended from a point C such 
that AC = L/4. 


5. The effective gravity g.p at a point of the earth’s 
surface is defined by weighing an object and dividing 
it by its known mass. What is the ratio of the effective 


gravity between the earth's equator and the poles? | 


(Assume the earth is a sphere of mass M, = 6 x 10?* kg 
and radius R, = 6400 km). 


6. Acubeofamaterial floats in a container of mercury. 
The coefficient of linear expansion of material is a 
and the coefficient of volume expansion of mercury 
is Y. As the temperature of the container is increased, 
find the relation between ү and с such that the cube 
does not go deeper in the container from its original 
position. 


7. Whatis the radius of the smallest droplet that can 


form from water of surface tension 0.07 N/m and vapour | 


pressure 2300 N/m?? 
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of T, = 50°C and that of the iron plate at 7, = 0°C. 
Find the temperature 7, of the constant surface. The 
area of each plate is much greater than its thickness. 
Coefficient of thermal conductivity of copper and iron 
are 390 W/m. deg and 58.7 W/m deg respectively. 


10. A long string of mass per unit length 0.2 kg/m is 
stretched to a tension of 500 N/ Find the speed of 
transverse waves on the string and the mean power 
required to maintain a travelling wave of amplitude 
10 mm and wavelength 0.5 m. 


11. A double slit 
experiment is shown in the 
figure. Each slit has width 
w. A thin piece of glass of 


thickness d, refractive AA 
index p, is placed between oak a 


one of the slits and the 

screen. The intensity at the central point is measured 
as a function of thickness à. For what values of à is 
the intensity at C a minimum? 


12. An optical doublet is formed from two lenses 4 
and B made of glass of different refractive indices Wys 
из respectively. Let А has two convex sides of radius 
of curvature А and lens B has one flat side and one 
concave side of radius of curvature R. What is the power 
of the doublet? For red, yellow and blue wavelengths, 
the refractive index u; is 1.50, 1.51 and 1.52 respectively 
whereas [ly is 1.60, 1.62 and 1.64 respectively. What 
is the difference in power ofthe doublet for these three 
wavelengths? 


13. Two masses each of m = 1 kg with equal charges 
O are suspended by light strings of length L = 1 m 


21 


= 





from a point. The strings hang at 30° to the vertical. 
Determine Q. 


14. In the 
circuit, the 
ammeter reading 


is taken with 
both switches 
open as well as 
with both 
switches closed. 
The readings are 
the same in the two cases. Neglect the internal resistance 
of the battery. Determine the resistance R. 





12V 


15. Determine the force between two circular loops 
of wire having the same radius A, and carrying the same 
currents /, when they are located at a distance L apart, 
with L >> R, and with their axes parallel and the currents 
in the same direction. Express the force in terms of 
the angle 0 between their axes and their line of centres. 


16. A classical electron moves in a circular orbit around 
a proton. Derive a differential equation for the electron 
energy, taking into account the classical radiation loss. 
On this basis, calculate the approximate time it takes 
for a weakly bound electron to fall into the first Bohr 
orbit. 


17. A rectangular loop of conducting wire has area A 
and N turns. It is free to rotate about an axis of symmetry. 
A constant magnetic field B is present perpendicular 
to the axis. Find the induced e.m.f. as a function of 
time if the loop is rotated at angular velocity w? 


18. Use the Bohr model of hydrogen atom to show 
that when an electron jumps from the level n to level 
n — 1, the frequency of the emitted photon is close to 
the electron rotation frequency (in Hz) if n is very large. 


19. Calculate the speed and the de-Broglie wavelength 
of an oxygen molecule at room temperature. 


20. The current gain ofa transistor in a common emitter 
circuit is. 49. Calculate its common base current gain. 
Find the base current when the emitter current is 3 mA? 


SOLUTIONS 


1. m= 0.10 kg, M = 10 kg, "m dc M 
u=?,V=0.2 m/s E 
Applying the law of conservation of momentum, 


22 








0.10 x u = 10.10 x 0.2 = u- 20.2 m/s. 
The muzzle velocity of the bullet = 20.2 m/s 
Total mechanical energy lost = Im -10м+ m)? 


=> Loss ofenergy = +x0.10x 20.2? -1 x10.10x0.2? 


2 2 
= 40.2 Joules. 

2. Train moves at 60 km/hr to 
the east. Е 
The relative velocity of the plane и 
with respect to 4 - VA 

(V4 Y} Y i 

-y4^ vg. —2 удур cost 


as the plane makes an angle Ө (Ө 2 
is to be determined). 
Given (у; = ур) is L tovg 

By the law of the triangle (Pythagores theorem), 
iy porous; v4? — ув = К? 

2 = ур = v4? + ур? — 

=> 2vy -2v,vgcos0 => 
For the train C moving with 
the same velocity, 


— 2v4vy cos 
Vg = v4cosO. 


R'zv, TY: = У4 + Ув 
= (7 Tt vg. *2v4vg cos 
R' makes an angle $ such that 
v4sinO 
tano = íl = ERIA 
2 vg +v,cosO 
= vy + v4cos0 = дй: 





= —2— cos0 = 25 sinO 


050 cos "Tj Б 
= 2vgtand = 2v}, = {апб=1. - je ador 


3. The tension of the 


But v Tee 





2 
string T = Les mg cos 





R 
But by the law of 
conservation of mechanical 
TUE 1 , mgcos® 
jm. = amv + mgh b^ 
nov v2 —2gh TAR 
= 2 = wy — 2gR(l – соѕ0) 


T =F lv" —2gR(1- cos0)) + mgcos , 


The tension = the component of the weight of m + the 
centrifugal force mv?/R. 
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4. Moment of inertia of the rod about 
2 


the centre of mass = т: L. 14 
About the axis of rotation О, TCM. 
I7 1см. + т 
smli, P [Э 7ml* 
^16) 48 


This is a Saas pendulum. 


The period of oscillation, Т = 27 }—— zB 


where Zis the moment of inertia and /' is the distance 
of the centre of mass from the axis of rotation. 


7 
T- m 1 














48 m(l/4)g 
m ДЕШ КҮШ 
T=2n n e Е 
Р 2 
5. g'=g-o’rcosA = 
But r = RcosA ——— wr 
в'= 8 02 Roos’ А 
At the equator, it is 
GM 
g= n -0°R 
At the pole, à = 90°, GM cosa = 90° 


G = 6.67 x 107, M= 6 x 10%, 
R = 6400 km = 6.4 x 10° m 


"Au: the angle turned through/s. 


One can substitute and get the values. 


6. IfV' is originally immersed in 
mercury, V, the total volume of the 
body, p, the density of the material 
V Puy g = Vop x g 

V(1- 3240) pu,(1 — YA0)g 

= /(1 + Зал) Р — 3aA0) x g 
But V’py, g = Vopg. If (1 — ҮДӨ) = (1 — 3aA0) 
i.e. iffy — Зо, the body will not rise or fall with respect 
to the surface of mercury. 





2T j 
7. Excess of pressure = “д а this is a droplet (with 


one surface) 


2300 N/m? = 2007 07 


N/m 
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a -5 
2300 т = 6.086 x 10° m 
= 6x 10° mm = 0.06 mm. 


8. РУ = nRT. At constant V, Pec T 
Therefore, the rise of temperature is 5 times if pressure 
is to be increased 5 times. 
The volume of air enclosed = 10 litres at 10° N/m? 
At NTP, i.e. temperature 273?K, P = 1 x 10° N/m?, 
volume of air = 22.4 litres. 
; 10 

Number of moles of air = 224 
A0 = (5 x 273 — 273) K = 1092 K. 
10.5 
224 5 Кх109%2 K 
= 1218.75R Joules = 1218.75 x 8.31 = 10128 J. 


9. К of copper = 390 W/m deg; 
K for iron = 58.7 W/m deg. 
In series, potential 


Heat required = 





50°C 0°С 
difference across Си + A B 
potential difference Sm Cy 
across iron = potential H | 


difference across AB 
Potential difference here is the temperature difference, 
dO/dt is the same. (dQ/dt = heat transferred/unit time 
for heat transfer and the charge conducted per second 
for current transfer) 


dQ _ (50-0) 





iG Cae 20 
L _9х107 т, Lb _ 3x10™ 
К; 390. ° K, 587 
hs гй E. 

— += = 0.074x10 
К ЕЁ, 074х 
40 ET 674x10? cal/s. per unit area 
dí  0.074x10^2 
674x103 = 30-9. — 9 =34.5°C 
9x10 
390 


(one can check with Fe also). 


[т 
10. Velocity of a transverse wave in a string = {к 


where 7 is the tension and u = mass per unit length. 
T = 500 ЇЧ, и = 0.2 kg/m. 


v, the speed of the wave = a =50 m/s. 


Mean power, P= joo «S where 5 is the area of 
cross-section. 
An? -y2 





1 
Р=— 
ОЙ ай 


р-$=н 
Given, the amplitude А = 10 x 1053 т, = 0.5 m 


4д2 x 2500 


P=5x0.2%50x x(10x10°)? 


= 197 watts. 


11. At C, if there is no plate, | 
one gets maximum intensity — 4 
because the path difference is 
zero. 
Ifthe path difference isA/2,then р 
one gets minimum. If a plate | 
of thickness / is inserted, the equivalent path is 
ВС-1+ ш ie. ВС – 1(1 — ш. 
If t or d the the thickness is such that z (1 
one gets a dark spot at C. 
R A R 


с 


—p) = А2, 


"тр A Е R 
par pi ктк) | 


Ja 


-(u-D2 V 
4 А В 
(ив =1) 
ор po E Lj. 
T (Hg | R 
Therefore the power of the double lens 
[эл 2_(ив-1) 
-—_—+——-—(би„ 2DE- -2H — 
JA Jn 3 R Bu 
Red : ц, = 1.50, ug = 1.60 
2 1.00 0.60 0.40 
(на (5-4 SUE 4E — RN RC 
Yellow : u, = 1.51, ug = 1.62 
2 0.62. 0.40 
0.51 eRe 
Blue : py = 1.52, ug = 1.64 
0.52 2 — 2:64 ,_ 0.40 
R R R 


The powers of the combination are the same for all 
the three colours. 


13. T cos0 = mg 


mg 
cosO 








2 
тйс Lar E 
4T£9 (2dy 



















^ 





{апе :- METIDO 
=> mgtan PEL 
d = 1 sin30? 
Фф = py x 4 x Psin?0 mgtanO 
1 1 , 
——-4Ax— Lxbxl0x-- 30 
ахо 4 
2730 
Я 943 mgcos8 
q = 0.25 x 10-4 = 25 uC each. 
14. When $, 
and S, are open, 
the total 


resistance in the 


circuit is 8 Q. 
i 12 
PME =1;5 А 

This is also the 
current in А 
when S, and S, 
are closed. 
Taking the loop ABCD, the equivalent resistance 


3R 


12V 














1S 5. 
12.2. HLA 
34 3R_ 
3-R 
But іп the loop ABCD, 3 х 1.5=R x i, 
—12 4 Boyd 
3E: ZR R 
I'D 
12(3+R) 9«3R 3(3+ К) 
9+6R 2R 2R 
аА 
= тер ЭЁ => R=452 
: 3R _9 
One can verify that 3 IR 5 
Total resistance = es О. 
12x5 
Current = 24 = ОРА 
Current i; = 1 A. 


[4.5 x 12 3 x 1.5 in the loop ABCD verified] 


15. When two circular coils are carrying current in the 
same direction, they are equal to two magnetic dipoles 
having the north poles on the right hand side for both. 
They will be attracted because the N pole of P is facing 
the south pole of Q. When the distance is very large 
composed to the radius, the field due to P at a distance 
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cibum 2xR? Hoi 2nR? 
ат (г ope An P 
As themagneticmanentof сой О = і лк. 

*. the force of attraction = BM cos, as cos0 = 1 here, 


„(1 >> В) 


Force of attraction “ит 


„но. 122-0987) 


4n B UNE 


— — == 


- drea от each coil. 


If the axes are making an angle О. Then is BM cos0. 


= Њо 2 S 
ол СЕ where S 


16. As a varying electric and magnetic field alone can 
give a wave, an electron which is at rest or moving 
with a constant velocity will not be able to emit radiation. 
An accelerated electron radiates energy according to 
Maxwell's theory. 
The energy emitted by an electron per second is 

F- ds = qEV 


1 
Energy emitted by a wave stocky 


per second/unit 
area. 

If an electron moving in a circular orbit round the proton 
has an acceleration towards the centre due to centripetal 
force, a force is acting on the electron causing acceleration 
will cause radiation energy loss. As energy is continuously 
lost while making rotation. There is no equality of the 
centripetal force of attraction and the decreasing 
centrifugal force of ma@’r. The attraction towards the 
nucleus, the centripetal force goes on increasing and 
till some angular momentum is left, it will continue to 
turn but coming nearer and nearer the nucleus and finally 
it falls on the nucleus. 


17. Let the normal to the loop be at an h Ө to the 
magnetic field. The flux through 
the coil = BANcos6 where В is the 
magnetic induction, A is the area 
of loop and N = number of turns 
of the coil. ie. ф = BANcoswt. 

. E. = 


induced 


26 


a 


——= +BANosinwt 


а. 8 = 90°, іе. wrt 
= 90°, the value is 
maximum. 
The coil is at that 
instant in the plane of the field. 
Ey = BANO 
When it is perpendicular, ф is maximum, dọ/dt = 
E = E,sinwt, where Ey = BANO. 


18. According to Bohr’s correspondence principle, for 
large quantum numbers, the classical result will be the 
same as those given by the quantum theory. 

ho = E,—E,.| E 


21? mi e^ f 1 1 
Se ee | 
т | (n-1)* л ЕД, 





= v= - — fifn=(n-]) and 2n>>1] 
т п 
n- (n— D 2n An?mke4 
ET Qj m e == T 
n (n-1) n hm 


=v, the classical orbital frequency. 





Zur 
—2nke^. Ya rh 
nh ' 4n^ mke? 
Гр 2ле? _1 4п?тке? m An?mk?e^ 
2nr nh 2n RR Pr 


19. The average velocity ofan oxygen molecule at room 
temperature is 


ЗАТ _ | 3х1.38х10723 т 
у PALI =4.8x10* m/s 
rms" VM \32x1.66x10" 


i= 6.6x10 ?^ 


^de Broglie x mv 32x1.66x 1077 x 4.8x10? 
= 0.25 x 107? m = 0.25 А. 


20. Current gain of the common emitter circuit 


le 
=—=49= 
In P 
pre igen do Е 
Еа В+1 lgüc*ig) 1 
7 common base gain, & = PIT SO 
But =? Ip=2x3 mA = 2.94 mA 
Tz =3- E 


ит 
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Practice Question for PMT 





(a) The error in the in the determination of x = that 
in y > error in 2 

(b) The error in z > error in y > error in x 

(c) Error in x = error in y > error in z. 


(d) None. 


Mark the wrong statement/statements. 

(a) For the same quantities such as potential or 
kinetic energy of a mass, the dimensions are 
the same 

(b) Ifthe dimensions are the same, they denote the 
same physical quantity 

(c) The dimensions of the same quantity need not 
be the same 

(d) None. 


: If the initial velocity is zero and the acceleration 
of a body is 3 1, the distance travelled in 5 seconds 


is given by 
(a) 187.5 m (b) 62.5m 
(с) 125 m (d) None. 


When a body is falling down freely from a height, 

the relation between distance and time is given by 

(a) straight line with increasing time 

(b) It has the shape of a circle 

(c) Itis a parabola with decreasing curve and then 
remains constant 

(d) Itis a parabola with increasing curve and then 
remains constant. 


A projectile is fired on a horizontal ground at an 


angle of 45? with an initial velocity of 404/2 m/s . 

(a) The horizontal distance travelled by the 
projectite in Is is half of that travelled in 2s 
and the horizontal distance travelled in 6s is 
half of that travelled in 12s. 

(b) The horizontal distance travelled in 6s is less 
than the distance travelled in 4s 

(c) The horizontal distance travelled in 8 s = the 
horizontal distance travelled in 16 s 

(d) None. 
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6. 


When a body is falling freely from a height, its 

maximum potential energy — its maximum kinetic 

energy. 

When a satellite is turning round the earth in an 

orbit of radius r, the magnitude of 

(a) The potential energy of the satellite — kinetic 
energy of the satellite 

(b) The potential is double the kinetic energy 

(c) The kinetic energy is double the potential energy 

(d) None. 


A man is travelling horizontally at 3 m/s to the east 
and the rain drops are falling vertically at 4 m/s. 
At what angle should he hold the umbrella ? 

(a) Atan angle Ө to the vertical in the north-west 


direction where 0-sin^3 


5 
(b) Vertically 


213 


(c) At 0 to the vertical where @=sin s in the 


north-east direction 
(d) At an angle Ө = іп! to the vertical 


Two vectors 4 and B are given by 
A=(2i-3j+2k) and B=(47-6j+4k), the 
angle between 4 and р 15 given by 

(a) 90? (b) 45? 

(c) 0? (d) None. 


When a particle of mass m is 
making a vertical rotation with 
an angular velocity 0, at the 
maximum height, if the tension 
is T, then 


(a) T=mg+ тоғ 


mg is acting dounwards, the centripetal force 
is mor 


because 


(b T=mg- mor as moy is the centrifugal force 

(c) T = mg as T is the centripetal force 

(d) T = mo?r -mg as mo-R is acting outward 
(centrifugal force) and 7+ mg is acting towards 
the centre 


с 
CO 


10. 


12. 


13. 


14, 


64 


If two spherical shells 4 and B 
of masses 2 kg and 5 kg and 
radii 0.1т апа 0.3m 
respectively, roll down the 
inclined plane starting from 
rest, 
(a) The heavier mass will roll down the inclined 
plane faster and has an acceleration g ѕіпӨ 
The lighter one will roll faster with an 
acceleration g ѕіпӨ 

(c) Both will reach the end with the same velocity 
and their accelerations will be more than g sin 
Both will reach at the same time and their 
acceleration will be less than g sin. 


(b) 


(d) 
D F 


Moment of inertia about EF, 1, 

(a) J, + Md, 

(b) /. as EF is outside the body 

(c) 2 = 1 + Md; 

(d) I, =I + Md + 2Md,d, 

The work done by a body of mass m moving with 
uniform acceleration a towards the centre, in 
rotating through 7 degrees is 

(a) тат” (b) zero 

(c) ma-2r (d) None. 


A block is projected up an inclined plane with a 
velocity v. Ifthere is friction between the block and 
the inclined plane, the 

minimum velocity v is 


(a) J2gsmOh A 
(b) 4/2, gh cot 
(с) Ju, gh cot0 - 2gh 


(d) J2gh-2pu,ghcot 


A and B are soap bubbles 
formed by filling air. If the 
radius of 4 is smaller than 

B, if these two bubbles are 4 
now connected to each 
other, 


«— aír 











15. 


16. 


17. 


18. 


(a) air flows from B to A 

(b) air flows from 4 to В 

(c) there is steady condition. No air will flow from 
A to B or B to A 

(d) None. 


The position of 

the hole for 

getting the 

maximum 

range of efflux 

(a) should be at the bottom 

(b) at Hy/2 (c) at the top 

(d) therange attained will only depend on the total 
quantity of water inthe tank and notthe position 
of the hole. 


If a manometer is made of two 
narrow tubes A and B of radii 
r, and r, and T is the surface 
tension of a liquid of density 
10° kg/m’, the liquid level in E 
A will be (E 
(a) equal to B m 
(b) lower than B 
(c) higher than B 








(d) cannot say. 





Von. aa 


AD, BC are adiabatics. The ratio of volumes 


Va Vh Va Vh 
LM Wü 26.206, 
О аво v, 
Va Vi 
(c) v < Se (d) None. 


The electric field due to a semicircular ring of 
charges at the centre is 

Ax2 

41897 

Therefore the electric field atthe centre ofa circular 
ring is 





2А. 
(а) 4тє г (b) 4T£gr 
(c) zero (d) None. 


. The magnetic field at the centre of a semicircular 
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20. 


21. 


22. 


23. 
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+ : ^ . A 
wire of radius a carrying current is p The 
[4 


magnetic field at the centre of the coil is 





Mo! 

(a) 2a (b) zero 
Bot D 

(с) 4ney r? (d) None. 


Two metal spheres 4 and B of radius 5 cms and 

20 cms are kept at a large distance and connected 

by a long wire. It the charges on A and B are 5ре? 

and lOpe*, charges flow 

(a) from A to B 

(b) from higher to lower charges because В is 
having a higher charge 

(c) from lower charge to higher charge 

(d) from a charge having a higher potential energy 
to the one having lower potential energy. 


2UF 


4uF 2uF | 2uF 


2uF 
The total capacitance is 
(a) 4uF (b 2uF 
(c) iF (d) OSuF 
] B 


Qy 
All resistances have equal values, 19 each. The 
current in the circuit is 
(a) 6A (b) 9A 
(c) 4A (d) 34 


The difference between the electrical field lines 
due to a charge and those due to a magnet are 
(a) The magnetic fied lines start from a north pole 
and end in south poles. The lines are closed 
The magnetic field lines start from a south pole 
and end in north pole 

(c) Magnets are always dipoles, electric charges 

can exist as isolated charges 








24. 


25. 


26. 


27. 


28. 


29. 


30. 





(d) Electric dipoles exist but magnets are 
monopoles 


The ratio of the magnetic moment to the angular 
momentum of an electron orbiting in the hydrogen 
atom according to classical physics, is given by 


а= (6) эр 
(с) =< (d) None. 


Bohr’s assumption that the angular momentum of 

the electron in H atom is nh 

(a) quantisation of energy 

(b) quantisation of the de Broglie wave similar to 
waves on a sonometer wire of open tube 

(c) similar to waves in a closed tube 

(d) quantisation of compton wave length. 


Find the relation between torque and 
(i) angular accelration and 
(ii) angular momentum 


Two rods of length / and mass m 
are in L shape. Find the moment 
of inertia about an axis passing 
through the point of joining and 
perpendicular to the plane of 
L-section 


How does resistance vary in semiconductors 
with temperature. 
(a) increases 

(c) no rlation etc. 


(b) decreases 


Find the relation between А, A, and А. 





(à А. =A, +2, 

l l 1 
b —-——— 
Op з 
(c) none. 





(a) find the phase difference between the currents 
in L, and R, 

(b) and the phase difference between the potential 
differences across C апа: А, 
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31. If two conductors of infinite lengh carry the same 
current in the same direction. What is the magnetic 
field at P due to A and B 


32. If the kinetic energy of 
photons produced бота уі 
metal by irradiating the metal 
with 4000 A? radiation was 
1.6 eV, the kinetic energy of ^ в 7 
photons produced by 
6000 A? will be 
(a) 2.4 eV (b) 1.6eV 
(c) 1.0eV (d) 0.6 eV 


33. The ground state energy of the electron in the 
hydrogen atom is — 13.6 eV 
The ionization energy of H atom is 


(a) —13.6 eV (b) 13.6eV 

(c) depends on the number of the orbit 
—13.6eV 

= 


34. What is the maximum wavelength that can be 
detected by a semiconductor photo detector if the 
band gap of the semiconductor 


Eg = 0.75 eV ? (given hc = 12400 eV A?) 
(a) 165.3 (b) 1653 A? 
(c) 16530 A? (d) 165.3 nm 


35. In an X-ray tube (copper target), if the excitation 
energy of the K level is 9.5 KeV, is it possible to 
have X-rays and if so what is the wave length, if 
one applies a potential of 8 KeV ? 


SOLUTIONS 


1. (d) : x 2 a"p"c" 

Inx 2 nina * minh * pinc differentiating, 
dx da dh de 

CE iiw Mr) 
































x a .b 

= Error % == a пара 
x a b c 

È -ndal smda] RES 

y b c 

ds _|,,da| | „|| „а 

үе ndal, пр 

errors E-D- 

rors yg 


2. (b) : (a) mgh and Lm? have the same dimensions. 
True. 
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(b) Torque and work done have the same dimensions 
t=rxF; W=r.F. 

But they are different quantities statement is false. 
(c) This is surprisingly true because if one takes work 
done, power or energy in mechanics, and the same thing 
in electricity, the current and charge have no analogue 
in mechanics. Their dimensions are different although 
both are in different forms of energy and one can be 
converted into the other 


ат ПКЕ, x 
3. (b) : uni и adt 


t = Шш 
л v= [310 = 2 
a 3 
y= S ds = vat > S = [370g - 3.0 -4-25 =625т 
а “2 

4. (d) :и= 0; з= 1 
This is a parabola with 
increasing distance but it 
remains constant when it 
reaches the ground. 
5. (c) : The time taken by the projectile to reach the 
maximum height (at which its final vertical component 
is zero) is given by, 

0 = 4042.sin45?— gf 240 210x291 = 4s 
The time of flight is 8s. After 8 seconds, the projectile 
cannot travel as it has already hit the ground. 





6. (b) : The magnitude of the potential energy = pm l 


The kinetic energy of the satellite =} Gln 


7. (c) : The relative velocity 


of the rain with respect to RA. 8|4km/w 
the man = velocity of the VA SU 

: 2 5 S. 
rain w.r.t. the inertial frame < 7. 
— velocity of the man w.r.t. AL goes MU > 
the inertial frame. : ET 

„m13 ae 
Ө =sin 3 in the N— E direction. 


8. (c) : The two vectors are parallel. Therefore the angle 
between them is 0?. 


A-B#0 but AxB will be zero. 


? 3 K 
AxB-|2 -3 2|=i(0)-7(0)+k(0)=0 
4 —6 4 


A-B=8+18+8=+34. 
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А 
mor 


9. (d) : T+mg= mor 

T = mo?r — mg 
mwr is the centrifugal force and 
T * mg is the centripetal force acting 
towards the centre. 
10. (d) : The K.E. of the rolling body 
at B. 


PE. at A. if 


2 
=) тй =} т(1+ Ej)? h 


228 — 
(1+? Ir?) 

But v? - à? =2as 
gh . g$inO 3 


Hu A A gsinO 
(+k Ir )s a+25) 5 
3; 


It is independent of mass and the radius and less than 


g sin8. (M. I. of a hollow sphare =2т?), 


11. (d) : Z= Iom. + Md? where d is the distance of the 
centre of mass. /,,, = 1 -ма? : 
I; = Lem +М(а +d) 
= 1, - Md? + Md? + Ма? +2 Маа, 
In =1,+M dy *2Mdg,. 
12. (b) : For rotation, the work done is Torque x 0. As 


the motion is of uniform angular velocity, there is no 
acceleration and therefore no torque. No work is done. 


13. yo ee EIS = у= 0 


-u? = -2as 





ц? =~2(gsin0+p, gcos0)S 

ЕЕ. | h h 
—-J2(gsin Өс Ө + Hy gcos0— 5) 
=-(2gh+2u, gh-cotd). 


14. Excess of pressure inside the film = RC 


As А, < Кр, Pr A» Pr B. 

Air will flow from A to B. 
But as B is already large, it will grow further reducing 
the pressure inside, till 4 collapses. 


Ha 
15. The range is maximum when h=-——. At a height 


7 
= 


У 


^ 





h below or above the height , the range will be the 


same. 
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16. The excess pressure 


h pgh =42 > hr is a constant. 


ГА 


whereO is contact 





Where r=—% 
cos8 
angle, R is the radius of the tube. 








h—-23.cos0 as AR is a constant, 5 
Rpg ] 
larger the radius, smaller the height of 


the miniscus therefore level on the left 
hand side will be less and on right hand 
side will be more. 


17. (b) : The ratio of volumes 
PV*=constant for adiabatic curves 


PV =uRT 

TV = constant 

Б: =| В 2 
Tv," à » TV = Vs V, 
TO MV РИ 
18. (c) : The electric fields i ~ 
are in the same plane, in ў = 
opposite direction. They {л 
cancel each other. 











Но j-2Xa Ho! 
19. (a) : p. H0.i23a — Bol 
(а) an a^ Td 


The magnetic field is perpendicular to the plane 
containing the current element and radius. They add to 
each other. 


20. (a) : The potential of the charge 


e Oi EIU IDEO 
4n£p n 4л, 0.05 
The potential of the charge at B = 
zuo ЕТО ТОВ 
4n£g r 4л& 0.20 


Charges flow from a higher to a lower potential therefore 
charges flow form А to B till their potentials become 
equal. 


21. (a): 


This is the same as one given below. 
This is equivalent to a wheatstone's bridge. Therefore 
the capacitors connected between B and C the total 


PHYSICS FOR YOU | ОСТОВЕН '05 





capacitances are lu in B 


the series from 4—B-D and mA T. 2uF 
ІШЕ in A-C—D. They аге „ С i D 
in parallel. Therefore the E 

total capacitance is 2u F. RAE 2uF 


22. (a) : 





Е —9v 
AB is the axis of symmetry 1 and 2; 3, 4, 5; 6, 7 have 
the same potentials. This is equivalent to 





^ total- К; 


R = 19 each ; PARC 


23. (a, c) : Electric dipoles also exist. 
But any magnet has always a north and 

a south pole. 

Let us consider the magnetic moment of 

a very thin wire carrying current in the 

anticlock wise direction. This face is equivalent to the 
north pole. 

If one holds the paper against light, one can see that the 
current flows in the clockwise direction on the other 
side. This is equivalent to a south pole as can be verified 
from the direction of B. 


24. (b) : The angular momentum of the 


e 
залар is 
Га = mr’. 
The magnetic moment of the orbiting 
electron 


=iA=e-v-nr? =е-тг?. 





25. (b) : For Bohr orbits, angular momentum Jo =n} . 


mr -= th <, my, 2nr- nh 
2r 


r 


= nh. 2nr 
mv 
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n-A de Broglie ~ 217 


as Ach. Just as one gets a finite number of waves 


in a given string, or gets ?-À , 2A, ЗА for open tubes, 
2nr = n. Ade Broglie · 


26. Torque replaces force in circular motion. Just as 


Pam) = rate of change of momentum, torque т = 


rate of change of angular momentum. 
Mass in translaton is replaced by the moment of inertia 
in circular motion. 

Mass x a = force, is replaced by 
'"Ixa = т where © is the angular acceleration. 
Angular momentum is 7. œ just as linear momentum is 


m.v. 
amy 
X—————1 = moment of momentum or angular 
r 


momentum 
= rxmvy- mror = mr^o , 
Rate of change of angular momentum 


2 do. 2 


=mr umr^-a 
dt 


= Ја 
@ = angular velocity. 
Го = Angular momentum. 


газ = 10. = rate ої change of angular momentum = / a. 


27. For rod A, the value of J about 4 


2 





ml Lm 
C= 
3 Lm 
For rod B, the value of I about C B 
ті? 
Eu 


2 
М. I. of A and В about c= 2—1 


28. (a): As the temperature of a semi-conductor increases, 
electrons in the valence band acquire more energy and 
they have a probability crossing the potential barrier 
and start a current. Therefore the temperature decreases 
the resistance of the semi-conductor. 


hc. hc hc Athy ] 

ap s RR. 

АДР AA Я 
E 29 
mn (Ai A5) 
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30. (a) : Potential difference across L and А are the same, 
as they are in parallel circuit. The current in the 
resistance is in phase with the potential difference 
but current in L lags by 7/2 . Hence the phase difference 
between the currents іп R and L =-7/2, 


(b) The current is the same as C and R are in series. V, R3 


and /js are in phase for R, but J. leads V. by 2/2. 
Therefore the phase difference between the potential 
differences across C and R is + 90°. 

31. If the conductors have infinite ode 

length, the mag. hield at P = that 
due to B along the current direction 


A 
and that due to 4 at P, 1" to the 
ow расе à 
direction at the end. MED 
ng Hol 
ҮЛ 4nr ` 
32. (d) : hv- hc/X 
12400eVA° 


hv, of 4000 A? radiation SOA ЛОЛА 


К. E. of the electrons =1.6 eV 
hv = W, + K.E. of the electrons (Einstein’s equation for 
photo electricity) 


MES 


CBSE-PMT 


MAINS 


EXPLORER 


Assertion 
& Reason 


For Compeittive Exams 
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=> 3.1„у = 41.6, 
Wy =1.5eV 
If X, = 6000 4° is used, hv, = 12400 VA _ 
6000 4° 
=2.leV. 
K.E. of the photo electrons = 2.1 — 1.5 = 0.6 eV. 


33. The ionisation energy is the energy needed to remove 
the electron from the groundstate to infinity. In the case 
of the H atom, #, = — 13.6 eV. 


Ionisation energy = E, — E, 20—(-13.6eV) =13.6е/ . 


34. The maximum wavelength that can be detected if 


= 2.066 


the gap energy is Eg is = 
"Ж 
12400е}/А° 
= =: 165304°. 
ma ^ 0.75eV 

35. One cannot get K-series X-rays if the applied 
voltage is less than the K energy level i.e. 9.5 KeV.. 
However, even at lower applied potentials, one can get 
some other series and a continuous spectrum or 
Bremsstrahlung. The short wavelength limit is given by 
he Ac _ 12400eVA° =1,55A4° 


v 8000 
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Based 
on 
New 


pattern 


(For Q.NO. 1 to 40) Only one option is correct and there will be negative marking in these questions. 





PASSAGE : 1 (Read the following passage and answer 
the questions number 1 to 5. They have only one 
correct option). 


The ciliary um 
muscles of eye 
control the 


curvature of the 
lens in the eye and 
hence can alter the 
effective focal 
length of the 
system. When the muscles are fully relaxed, the focal 
length is maximum. When the muscles are strained the 
curvature of lens increases (that means radius 

of curvature decreases) and focal length decreases. For 
a clear vision the image must be on retina. The image 
distance is therefore fixed for clear vision and it equals 
the distance of retina from eye-lens. It is about 2.5 cm 
for a grown-up person. 

A person can theoretically have clear vision of objects 
situated at any large distance from the eye. The smallest 
distance at which a person can clearly see is related to 
minimum possible focal length. The ciliary muscles 
are most strained in this position. For an average grown- 
up person minimum distance of object should be around 
25 cm. 

À person suffering for eye defects uses spectacles (eye 
glass). The function of lens of spectacles is to form 
the image ofthe objects within the range in which person 
can see clearly. The image of the spectacle-lens becomes 
object for eye-lens and whose image is formed on retina. 
The number of spectacle-lens used for the remedy of 
eye defect is decided by the power of the lens required 
and the number of spectacle-lens is equal to the numerical 
value of the power of lens with sign. For example power 
of lens required is +3 D (converging lens of focal length 
100/3 cm) then number of lens will be +3. 


retma 








For all the calculations required you can use the lens 
formula and lens maker's formula. Assume that the eye 
lens is equiconvex lens. Neglect the distance between 
eye lens and the spectacle lens. 


1. Minimum focal length ofeye lens of a normal person 
is 


25 25 
(a) 25cm (b) 2.5 em (c) 9 cm (d) — cm. 


11 
2. Maximum focal length of eye lens of normal person 
is 


25 25 
(a) 25 ст (Б) 2.5 em (с) > m (d) т em 


3. Anearsighted man can clearly see object only upto 
a distance of 100 cm and not beyond this. The number 
of the spectacles lens necessary for the remedy of this 
defect will be 

(a) *1 (b) - 1 


4. Afarsighted man cannot see object clearly unless 
they are at least 100 cm from his eyes. The number of 
the spectacles lens that will make his range of clear 
vision equal to an average grown up person 

(a) +1 (b) - 1 (c) +3 (d) -3 


(c) +3 (d) -3 


5. А person who can see objects clearly from distance 
10 cm to «e, then we can say that the person is 

(a) normal sighted person 

(b) near-sighted person 

(c) far-sighted person 

(d) aperson with exceptional eyes having no eye defect 


PASSAGE : 2 (Read the following passage and answer 
the questions number 6 to 10. They have only one 
correct option) 

The concept of work in thermodynamics is borrowed 
from mechanics. For finite distance moved by the piston 
from initial position A to final position B. The work 


Contributed by Deptt. of Physics, Resonance, Kota (Rajasthan) 
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done by the gas is given by 

R 

W = [Pav 

4 
Р = pressure of gas, 
dV = change in volume 
In PV diagram work will be 
area under the curve. 
A few comments regarding this integral operator needs 
to be made. First along the path taken in going from 
A to B, an equation of state ( i.e. P — f (V) ) may or 
may not exist. One.can express P as a function of V 
only if the external conditions are changed in such a 
way that at every point on the path the system can be 
regarded as an equilibrium state and Such a 
transformation is called a quasi-static transformation. 
If the transformation is such that when the sequence 
ofthe changes in external conditions are reversed, the 
system retraces its path from B to A. This transformation 
is called reversible. All reversible transformations are 
quasistatic but all quasistatic processes need not be 
reversible. If the transformation from A to B is not 
reversible, the transition from A to B cannot be 
represented by curves on PV diagram. Such transitions 
are represented by broken lines joining А and В. The 
spontaneous processes of nature are irreversible. Several 
example can be cited. The free expansion of a gas is 
irreversible. The combustion reaction of a mixture of 
petrol and air ignited by a spark cannot be reversed. 
Free expansion (expansion of gas against vaccum) differs 
from all other process.In the case of free expansion 
work done by the gas is zero although it cannot be 
calculated by P-V diagram. 





Directions for Q. 6 to 10 : /f the given statement is 
true, then fill bubble for (a) and if given statement is 
false fill the bubble for (b). 


6. All reversible processes are not quasistatic but all 
quasistatic processes are reversible. 


7. Incase of free expansion of gas work done by the 
gas can not be calculated by P-V diagram because free 
expansion cannot take place reversibally. 


8. For non zero pressure of the gas there will be non 
zero work whenever there will be non zero volume 
changes of the gas. 


9. Total work done by the gas depends upon 
intermediate process. 
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10. For volume changes 
from V, to V, work done 
by gas in process 1 will 
be greater than in 
process 2. 





PASSAGE : 3 (Read the following passage and answer 
the questions number 11 to 15. They have only one 
correct option) 

Charges are concentrated exclusively on the external 
surface of a conductor. Therefore neither the material 
of the conductor nor its mass are of any importance 
for its capacitance. Capacitance depends on the shape 
and surface area of the conductor. Since a conductor 
is liable to be electrified by induction, its capacitance 
is influenced by other conductors in its vicinity and by 
the medium they are in. 

To fulfil its function the capacitor must be able to store 
accumulated charges and energy for appreciable time 
to obtain a definite capacitance one can conveniently 
take two conductors and arrange them as close to each 
other as possible and place a dielectric between them. 
The dielectric between the conductors plays two fold 
role. Firstly, it increases the capacitance and secondly 
prevents the neutralization of the charges, that is it 
prevents them from jumping from one conductor to 
the other. For this reason electrical breakdown strength 
(The maximum electrical field which a dielectric can 
withstand, also called dielectric strength of dielectric) 
should be high. 

In order to keep the capacitance constant and independent 
of surrounding bodies the entire electric field should 
be contained between the plates. For this reason the 
distance between the plates should be small as compared 
to their linear dimensions. To protect the capacitor from 
external influences it is housed in a shell. Mathematically 
we can relate q — CV and for a parallel plate capacitor 


fully filled with a dielectric Cet. 
According to paragraph answer. 


11. Capacitance does not depend on 
(a) area of plates 

(b) separation between plates 

(c) surrounding bodies 

(d) potential difference across plates 


12. Two plates of a capacitor kept on insulating stand 
are fully charged. Now the ebonite plate between the 
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capacitor plates is removed then the capacitance of 
capacitor will 

(a) increase ` 
(c) remains same 
(d) may increase or decrease 


(b) decrease 


13. A table for parallel plate capacitors along with the 
properties of dielectrics used in these is given. Choose 
the most appropriate capacitor. (Assuming same potential 
difference across each capacitor) 


between 
plates (m) 


strength 
(VIM) 











(a) A (b) B (c) C (d) D 


14. As the distance between the plates of a parallel 
plate capacitor is decreased 

(a) chances of electrical break down will increase if 
potential difference between the plates is kept 
constant. 

chances of electrical break down will decrease if 
potential difference between the plates is kept 
constant. 

(c) chances of electrical break down will increase if 
charge on the plates is kept constant. 

chances of electrical break down will decrease if 
charge on the plates is kept constant. 


(b) 


(d) 


15. All linear dimensions are doubled then the 
capacitance of the parallel plate capacitor will 

(a) remain unchanged (b) become double 

(c) increase by eight times 

(d) increases by four times 


16. A wire of resistance R is cut into two equal parts. 
Now one part is stretched to double the length. Then 
the resistance of the stretched wire will be 

(a) R (b) 2R (c) 4R (d) R/2 


17. A bulb rated 200 W, 200 V is used at 100 V. Then 
the number of electrons passed through bulb in one 
second is 

(a) 3.125 x 10!” 
(c) 3.125 x 10!5 


(b) zero 
(d) 6.25 x 10!* 


18. Currents upto 100 A are to be measured with the 
help of an ammeter designed for a maximum current 
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of 10 A and having resistance of 0.1 О. The resistance 
of additional shunt must be 


(a) 0.1 Q (b) 1/9 Q 
(c) 1/100 Q (d) none of these 
19. The equivalent , R R E 


resistance between the 
points 4 and B is 


(а) 55/9 
(b) 28/3 
(с) А (4) none of these. 
20. In the given circuit R, > А. R, 


Find which of the following 
statement is correct. 
(a) potential difference across V 

R, is high 
(b) current through A, is E 

greater than in R, 
(c) power consumed in A, is greater than in R, 
(d) none of these 
21. Two particles are |. = 
moving along a straight line (0) <—(8) 
as shown. The velocity of 
approach between 4 and B is 
(a) V,+V, (b) |V,- V. 
(c) VA - V, (D) У-У, 


22. In the 20 
following circuit 
diagram, the 
current flowing ° 30 
through resistor 

of 1/4 Q is і 
(а) 1A 

(b) 60A 

(c) 30A 


1/4 Q 


(d) none of these 


23. A 50 Ampere-hour battery can supply a current of 
50 A for 1 hour, 25 A for 2 hour and so on. Then the total 
energy stored in the 12 V-50 Ampere-hour battery is 
(a) 600 J (b) 2.16 x 10° J 

(c) depends on for how much time it is used 

(d) 3.6 x 104 J 


24. For a prism kept in air it is found that for an angle 
of incidence 60°, the angle of refraction 4, angle of 
deviation б and angle of emergence ‘e’ become equal. 
Then the refractive index of the prism is 

(a) 1.73 (b) 1.15 (c) 1.5 (d) 1.33 
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25. P-T diagram is shown 
below then choose the 
corresponding V-T diagram 






26. Choose the correct ray diagram of an equi convex 
lens which is cut as shown. 


(a) 


(b) 


(с) 


(4) 


27. Ram can throw a ball оп a horizontal surface upto 
a maximum distance of 50 m. The maximum height 
upto which he can throw the ball is 

(a) 50 m (b) 25 m 

(c) 12.5 m (d) 100 m 
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28.In the following 
arrangement the system is 
initially at rest. The platform 
is now released. Assuming the 
pulleys and string to be 
massless and smooth, the 
acceleration of block C will 
be 

(a) zero 

(b) 2.5 m/s? 
(d) 5/7 m/s?. 


29. Circuit for the 
measurement of 





(c) 10/7 m/s? 


resistance by 
potentiometer is 
shown. The 


galvanometer is first 
connected at point A 
and zero deflection 
is observed at length PJ — 10 cm. In second case it is 
connect at point C and zero deflection is observed at 
a length 30 cm from P. Then the unknown resistance 
X is 

(a) 2R 





(b) А/2 (c) ВЗ (d) 3R 


30. A mango tree is at the bank of a river and one of 
the branch of tree extends over the river. A tortoise 
lives in river. A mango falls just above the tortoise. 
The acceleration ofthe mango falling from tree appearing 
to the tortoise is (Refractive index of water is 4/3 and 
the tortoise is stationary) 

(a) g (b) 3g/4 

(c) 4g/3 (d) none of these 


31. Two conducting 
movable smooth pistons 
are kept inside a non 
conducting, adiabatic 
container with initial 
positions as shown. Gas 
is present in the three 
parts 4, B & C having 
initial pressures as shown. Now the pistons are released. 
Then the final equilibrium position length 

of part A will be 

(a) L/8 (b) L/4 





(c) L/6 (d) L/S. 


32. Two aeroplanes fly from their respective position 
A and B starting at the same time and reach the point 
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C sinmltaneously N 
when wind was not 
- -blowing. On a windy 
day they head towards 4 C 
C but both reach the 
point D simultaneously 
' inthe same time which they B 
took to reach C. Then the wind is blowing in 
(a) north-east direction 
(b) north-west direction 
(c) direction making an angle 0 « Ө < 90 with north 
towards west. 
(d) north direction 


33. In the Р жат МЫ | 
figure shown а " 

parallel plate gp к= а 
capacitor has а 

dielectric of Р, 

width d/2 and 

dielectric constant K = 2. The other dimensions of the 
dielectric are same as that of the plates. The plates P, 
and P, of the capacitor have area 4 each. The energy 
of the capacitor is 


Es 


s, AV? 2e, AV? 
(а) c а ан 

36,AV? 2e, AV? 
(c) 27 d (d) 3d 


34. In the figure a capacitor of 
capacitance 2 uF is connected to a cell 
of emf 20 volt. The plates of the 
capacitor are drawn apart slowly to 
double the distance between them. The 


mt 


20 volt 
work done by the external agent on 
the plates is 
(a) —200 uJ (b) 200 uJ (c) 400 ЫЈ (d) —400 pJ 


35. Two identical capacitor C, кы 
and С, are connected in series with Ale ase 

a battery. They are fully charged. | | | | it | 
Now a dielectric slab is inserted х 
between the plates of C,. The Е 
potential difference across C, will 

(a) increase (b) decrease 

(c) remain same 

(d) depend on interval resistance of the cell 


36. An uncharged capacitor is connected in series with 
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a resistor and a battery. The charging of the capacitor 
starts at / = 0. The rate at which energy in capacitor is 
stored 

(a) first increases then decreases 

(b) first decreases then increases 

(c) remains constant 

(d) continuously decreases 


37. In the figure 


6F 
shown the equivalent NS or i 
capacitance between A 1F 

and B is SF E 

(a) 3.75 F (b)2F 

(c) 21F (d) 16F 4 2F 

38. 12 gm He and 4 gm H, is filled in a container of 
volume 20 litre maintained at temperature 300 K. The 


pressure of the mixture is nearly 
(а) З аат (Ы) 5 ат (c) 6.25 atm (d) 12.5 atm 


39. A diatomic ideal gas P 
undergoes a thermodynamic 
change according to the P-V 
diagram shown in the figure. 
The total heat given of the gas 
is nearly 

(а) 2.5 PV, 
(b) 1.4 PV, 
(c) 3.9 PV, 





(d) 1.1 V, 


40. Which of the following will have maximum total 
kinetic energy at temperature 300 K? 
(a) 1 kg, H, (b) І kg, He 


1 1 1 3 
= КН, + = kg H = kg H, + 2. kg H 
Om O E ш ые 


(One or More than one may be correct. No negative 
marking) For Q. No. 41 to 55. 


41. An ideal gas can be expanded from an initial state 

to a certain volume through two different processes 

(i) PV? = constant and (ii) P= KV ? where K is a positive 

constant. Then 

(a) final temperature in (i) will be greater then in (ii) 

(b) final temperature in (ii) will be greater then in (i) 

(c) total heat given to the gas in (i) case is greater than 
in (ii) 

(d) total heat given to the gas in (ii) case is greater 
than in (i) 


42. Two identical blocks A and B are placed on two 
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inclined planes 
as shown in 
diagram. 
Neglect air 
resistance and j K M О 
other friction i s 

Read the following statements and choose the correct 
options. 

Statement I : Kinetic energy of A on sliding to J will 
be greater than the kinetic energy of B on falling to M. 
Statements II : Acceleration of A will be greater than 
acceleration ofi B when both are released to slide on 
inclined plane 

Statements III : Work done by external agent to move 
block slowly from position B to O is negative 

(a) only statement I is true 

(b) only statement II is true 

(c) only I and III are true 

(d) only II and III are true 





43. A current 7 flows through a cylindrical fuse wire of 
length /, radius r, specific resistance p. It is known that 
the heat radiated per unit area per second is h. This is 
equal to the electrical power per unit surface area. 
Therefore h can be expressed as 





Рр Pp 

h = pg vis © 

(a) nr (b) тл 
Pol Гр 

(с) Л= 1,1 (d) h-—5 


44. Choose the correct mirror- 


image of figure given below. Pa 


45. A crow is sitting 
ona branch of a tree 
and on ground 
surface wheat grains 
are spread. The crow 
flies towards the 
ground and picks up 
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a grain and sit on the front wall. The possible m ч 
shown in diagram. Choose the correct path so that path 
length becomes minimum. ý 

Given that BD = DE, ZAFB = ZEFC. 

(a) ABC (b) ADC 

(c) AFC (d) AEC 

46. In the figure initial status of capacitance and their 


connection is shown. Which of the following is/are 
correct about this circuit? 


15V iON 
+ (4 Жс 
== = э | d | 
2uF C зц xd 
DE VG 


(a) final charge on each capacitor will be zero 

(b) final total electrical energy of the capacitors will 
be zero 

(c) total charge flown from A to D is 30 uC 

(d) total charge flown from А to D is – 30 nC 


47. Inthe figure shown the plates of 
a parallel plate capacitor have unequal 
charges. Its capacitance is C. P is a 
point outside the capacitor and close *P 
to the plate of charge -Q. The distance 


, between the plates is d. 


(а). a point charge at point P will not experience electric 
force due to capacitor 

(b) the potential difference between the plates will 
be 3Q/2C 


(c) the energy stored in the electric field in the region 
2 





between the plates is 





8C 
(d) the force on one plate due to the other plate 
2 
is 9 — 
2ng,d* 


INDIAN INSTITUTE OF TECHNOLOGY 
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Examination Schedule : April 9, 2006 (Sunday) 
08.00 - 10.00 hrs. (Physics); 12.00 - 14.00 hrs. (Math) 
16.00 - 18.00 hrs. (Chemistry) 


Each of the above three papers (Physics, Mathematics 
and Chemistry) will be of objective type in new designed 
to test the comprehension and analytical ability of the 
Candidates. Application Form and Information Brochure 
will be available from 28'^ of November, 2005 to 
6" of January, 2006. 
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Directions (For questions from 48 to 50) 

You already have some knowledge of the earth and its 
motion about its own axis and also about the Sun. In 
this exercise you have to identify the effect of some 
imaginary conditions. Read statements in Q. 48, 49 and 
50 and choose one of (a), (b), (c), (d) out of the following 
options for each statement to become true. 

(a) if the earth were not inclined on its axis 

(b) ifthe orbit of earth were a circle rather than ellipse 
(c) ifthe earth revolved toward west rather than toward 
the east. 

if the earth had half the present diameter but retained 
its present mass. 


(d 


— 


48. 


49. Statement : Objects would weigh four times as much 
as they do now 


Statement : The sun would set in the east. 


50. Statement : Night and day would be of equal length 
in all latitudes all year long. 


Direction for questions (51 to 54) 

Read each of the following numbered pairs of statement 
carefully one is an assertion and the second is a possible 
reason. Mark your answers to question according to 
followings. 

(a) If both assertion and the reason are true and the 
reason is an adequate explanation of assertion. 
If both assertion and the reason are true statements, 
but the reason does not explain the assertion. 

If the assertion is a true statement but reason is a 
false statement. 

If both the assertion and reason are false statements. 


(b 


— 


(с) 


(4 


— 


51. Assertion : While drawing a line on a paper, friction 
force acts on paper in the same direction along which 
line is drawn on the paper. 

Reason : Friction always opposes motion. 


52. Assertion : For an observer inside the moving train 
stationary objects outside the train appear to move with 
different speeds. Objects near the train appears to move 
faster and object far away appears to move slower. 
Reason : Relative velocity ofthe object is independent 
of relative position. It only depends on velocity of 
observer and object but not on their position. 


53. Assertion : When an ideal gas is heated in a rigid 
non conducting container then pressure becomes double 
if the temperature is doubled. 
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Reason : Both the frequency of collisions and momentum 
transferred per collision becomes 2 times. 


54. Assertion : We cannot produce electric field in a 
neutral conductor. 

Reason : Neutral conductor cannot produce electric 
field. 

55. Match the following : 





Side P Side Q 
(A) Photoelectric effect I. Photon 
(B) Wave П. Frequency 
(C) X rays HI. K capture 
(D) Nucleus IV. y rays 
(a) A-LB-ILC-IIL D -IV 
(b) A-I, B- I, C - IV, D - Ш 
(c) A- IL, B-I, C- Ш, D- IV 











(d) none of these 

| NEWER Sea 1 сас is] 
ПУ (а) 25 (0) ЗУБ) АО с) 5. (9) 
6. (b) 7. (a) 8. (b) 9. (a) 10. (b) 
11. (d) 12. (b) 13. (c) 14. (a) 15. (b) 
16. (b) 17. (d) 18. (d) 19. (a) 20. (d) 
21. (d 22. (c) 23. (b) 24. (a) 25. (d) 
26. (b)  27.(d) 28. (b) 29. (a) 30. (c) 
31. (b) 32. (b) 33. (d) 34. (b) 35. (a) 
36. (a) 37. (6) 38. (с) 39. (с) 40. (а) 
41. (b, d) 42. (d) 43. (a) 44. (с) 45. (с) 
46. (а, b, с) 47. (6, с) 48. (с) 49. (d) 
50. (a) 51. (c) 52. (b) 53. (a) 54. (d) 
55. (a) 


Note : For detailed solutions please log on to our 
website www.resonance.ac.in 
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pwebsite : http://jexab.becs.ac.in 





















PHYSICS FOR YOU | \OVEMBER '05 





Le EE 
( SOLVED PROBLEMS 

















Practice Question for: PMT 


1. The damping force for a body moving through a 
fluid is proportional to velocity. What will be the 
dimensional formula of the constant of proportionality? 
(a) МІТ-! (b) ML°T"! 

(c) ML'T (d) ML^'T-. 


2. What should be the angle of projection, so that 
the horizontal range is equal to the maximum height? 


(a) tan"!l (b) їап-!2 

(c) tan^!3 (d) tan'!4. 

3. Angle between P and Q is0.. What is the value 
of P-(Qx P)? 

(a) P?Qcos0 (b) zero 


(c) Р2ОѕіпӨ соѕ0 (d) P?Q ѕіпӨ. 


4. Ablockis allowed to slide down an inclined plane 
of inclination 0. If, the inclined plane is lying on the 
floor of a lift which is falling down with a retardation 
a, what will be the acceleration of the block with which 
it will slide down? 
(а) (е + a)sin8 

(с) g sinü + a 


(b) (g — а)ѕіпӨ 
(d) gsinO – a. 


5. А thin circular ring of mass Mand radius R rotating 
about its axis with a constant angular speed w. Two 
blocks, each of mass m are attached gently to the opposite 
ends of a diameter of the ring. The angular speed of 
the ring, will be 











2M = И M -2m a 

(a) M+2m (b) M * 2m 
M M * 2m 

o d) ———— 

(© M +2т e M " 


6. Thetime period (7) of the artificial satellite of earth 
depends on the density (p) of the earth (assumed 
constant) as 


(a) Тер (b) T« Jp 
(c) Tel/Jp (d) T= 1/р. 


7. The average kinetic energy of a hydrogen molecule 
at 27°C is 6.2 x 10?! joule. The mass of the hydrogen 
molecule is 3.1 x 107?? kg. The average kinetic energy 
at 127°C is 
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(a) 4.13 x 107! joule 
(с) 8.27 x 10-2! joule 


(b) 5.2 x 10?! joule 
(d) 2.6 x 107?! joule. 


8. Which type of thermodynamics process is the heating 
of water under atmospheric pressure? 

(a) adiabatic (b) isobaric 

(c) :ѕосһогіс (d) none of these. 


9. А mass т is suspended from two springs of constants 
к, and k, and it oscillates with frequencies f, and f, 
respectively. If the same mass is suspended from the 
same two springs connected in parallel, then the 
frequency of the combination will be 


(a) f- fi * (b SEVAR 


©) f-J[f 6 (d fo 


Ath 


10. The frequency of an open organ pipe is f. If half 
part of organ pipe is dipped in water then its frequency 
is 

(а) Г 
(c) 772 
11. Six charges each equal to +Q are placed at the corners 


of a regular hexagon of each side x. What is the electric 
field at the intersection of its diagonals? 


(b) 3/74 
(d) 0. 


1 36Q 1 60 
(a) m (b) === 
ЛЕ) x 47189 x 
1 Q 
(c) ney x? (d) zero. 
12. What is the equivalent b 
resistance between any two 
corners of the triangle circuit 
shown below? Each resistance 
is of 1 Q? 
(a) 11720 ^ с 
(b) iQ 
(с) 3/2 € (d) 2 Q. 


13. A capacitor is charged from a 5 volt battery 
100 times per second and is then discharged through 
a milliammeter 100 tomes per second with the help of 
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a vibrating switch. What is the capacitance of the 
capacitor if the current is 0.5 mA? 

(a) 1 uF (b) 5 uF 

(c) 50 uF (d) 100 pF. 


14. An electron and a proton enter a magnetic field at 
right angle to the field with same kinetic energy. Which 
of the following is true? 

(a) trajectory of electrons is less curved 

(b) trajectory of proton is less curved 

(c) both are equally curved 

(d) both move along straight line paths. 


15. A proton and an alpha particle enter in a uniform 
magnetic field with the same velocity. The period of 
rotation of the alpha particle will be 

(a) four times that of the proton 

(b) two times that of the proton 

(c) three times that of the proton 

(d) same as that of the proton. 


16. An air bubble inside a glass slab (и = 1.5) appears 
at 6 cm when viewed from one side and 4 cm when 
viewed from the opposite side. The thickness of the 
slab is 

(a) 10 cm 
(c) 15 ст 


17. X-rays will not show the phenomenon of 
(a) diffraction (b) polarisation 

(c) deflection by electric field 

(d) interference. 


(b) 6.67 cm 
(d) none of these. 


18. Einstein photoelectric equation states that 


Т 595 г 
>т” = ho — no, . In this equation v refers to 


(a) velocity of all ejected electrons 

(b) mean velocity of emitted electrons 

(c) minimum velocity of emitted electrons 
(d) maximum velocity of emitted electrons. 


19. A photon and an electron possess same de Broglie 
wavelength. Given that c = speed of light and v = speed 
of electron, which of the following relations is correct? 
Here Е, = kinetic energy of electron, E,, = kinetic energy 
of photon, p, = momentum of electron, p,, = momentum 
of photon. 


рар енк 

0 Ер у Онт 
oe р. с 

(с) feat (d -=< 
Pph И P ph 2y 
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20. In a nuclear reaction between a deuteron and „С!?, 
the nucleus ;NP is produced. Which is the other particle 
liberated? 


(a) electron (b) positron 


(c) proton (d) neutron. 

21. Assuming that the 100 Q 
junction diode is ideal, 

in the circuit shown 

here, the current through Iv 2V 

the diode is 4 2 
(a) zero ЗЕ ah 
(b) 1 mA Р E 
(c) 10 mA (d) 30 mA. 


22. A particle of mass т = 5 is moving with a uniform 
speed v2342 in the YOY plane along the line 
Y 7 X * 4. The magnitude of the angular momentum 
of the particle about the origin is 

(a) 60 units (b) 40v2 units 

(c) zero (d) 7.5 units. 


23. When a mass is rotating in a plane about a fixed 
point, its angular momentum is directed along 

(a) the radius (b) the tangent to the orbit 
(c) a line perpendicular to the plane of rotation 

(d) none of these. 


24. A block of mass 2 kg 
is placed оп ће floor. The — — A 
coefficient of static 


friction is 0.4. A force of 2.8 newton is applied on the 
block as shown in the figure. The force of friction 
between the block and the floor is (take g = 10 m/s?) 
(a) 2.8N (b) 8N 
(c) 20N (d) zero. 


25. Moments of inertia of a uniform circular disc about 
a diameter is /. Its moment of inertia about an axis 
perpendicular to its plane and passing through a point 
on its rim will be 

(a) 51 (b) 37 

(c) 61 (d) 41. 


26. The largest and the shortest distance of the earth 
from the sun is z; and >”. Its distance from the sun when 
it is perpendicular to the major axis of the orbit shown 
from the sun 

|+, nr 


(а) 25 (NE 
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=o \ WE a are 


2nr, n +h 


e o 25 


27. Excess pressure inside a bubble of radius r is P. 
Then 

(а) P œ l/r 
(c) P œ r? 


(b) P œ r? 
(d) none of these, 


28. A beaker full of hot water is kept in a room and 
it cools from 80°C to 75°С in г, minutes, from 75°C 
to 70°C in t; minutes and from 70°C to 65°С in д minutes. 
Then 

(a) 1 <6 «t 
(с) 6h. 67 


b) 57571 
(d f «6*1 


29. The curve in the 
adjoining figure 
shows an isothermal 
expansion of a given 
mass of a gas. The 
area under the curve 
is divided into two 
regions. The region 1 
is from A to B and the 
region 2 is from B to C. If the work done in the two 
regions be denoted by W, and W, respectively. Then 


pressurc 





0,0 V 2V AF 
volume 


(а) №, > W, (b) №, < №, 
(с) W = №; (d) ж > №, 


30. Two mutually perpendicular simple harmonic 
vibrations have same amplitude, frequency and phase. 
When they superimpose, the resultant form of vibration 
will be 

(a) a circle 

(c) a straight line 


(b) an ellipse 
(d) a parabola. 


31. Three charges of (^24), +24 

(—q) and (—д) are placed at 

the corners A, B and C of 

an equilateral triangle of side a a 
a as shown in the adjoining 

figure. Then the dipole 

moment ofthis combination 


is 3 a E: 
(a) qa (b) zero 

Є 2 
(с) gav3 (D 57 


32. Increasing the charge on the plates of a capacitor 
means 


64 


(a) increasing the capacitance 
(b) increasing the potential difference between the plates 
(c) both (a) and (b) (d) none of these. 


33. Two similar 
accumulators each of emf 
E and internal resistance 


ғ ате connected as shown X ү 
in the adjoining diagram. 

Then the potential 

difference between X and 

Y is 

(a) 2E (b) E 

(c) zero (d) none of these. 


34. Two identical batteries, each of e.m.f. 2 volt and 
internal resistance 1 ohm are available to produce heat 
in a resistance r — 0.5 by passing a current through it. 
The maximum joulean power that can be developed 
across R using these batteries is 

(a) 1.28 W (b) 2.0 W 

(c) 8/9 W (d) 3.2 W 


35. A long straight thin conductor has a current of i 
ampere. The magnetic induction B away from the 
dn at a distance r from its axis varies as shown 


0,0 0,0 

36. The number ofturns in the primary and the secondary 
coils of a transformer are 1000 and 3000 respectively. 
If 80 volt A.C. is applied to the primary coil of the 
transformer, then the potential difference per turn of 
the secondary coil would be 


(a) 240 volt (b) 2400 volt 
(c) 0.24 volt (d) 0.08 volt. 


37. If the potential difference between the cathode and 
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the target of Coolidge tube is 1.2 x 10° volt then the 
minimum wavelength of continuous X-rays is 

(a) 10 A.u (b) 1 A.u 

(c) 0.1 A.u (d) 0.01 Au 


38. Light of wavelength 7200 A in air has a wavelength 
in glass (u = 1.5) equal to 
(a) 7200 A 

(c) 10800 A 


(b) 4800 A 
(d) 7201 A. 


39. An achromatic prism is made by combining two 
prisms P, (Up = 1.532, Ue = 1.515) and Р, {ur = 1.666, 
Uc = 1.650) u represents the refractive index. If the 
angle of the prism P, is 10°, the angle of the prism P; 
will be 

(a) 5? 

(c) 10.6? 


(b) 78° 
(d) 20°. 


40. In J.J. Thomson's method, electric field E , magnetic 
field B and velocity y ofthe electrons were in mutually 
perpendicular directions. This velocity selector allows 
particles of velocity v to pass undeflected when 

(a) v= BE (b) v = E/B 

(c) v = B/E (d) v = B/E, 


41. Doubly ionised helium atoms and hydrogen ions 
are accelerated from rest through the same potential 
drop. The ratio of the final velocities of the helium 
and the hydrogen ions is 

(b) V2 


(a) 2 
(c) 1/2 (d) 1/42 
42. The plate current i, in a triode is given by 


3/2 
А V; 
ір = К E о e , then the mutual conductance G,, 


is related to the plate current as 
(а) б, = (i5)? (b) С, = („у 


(с) G,* i, (d) G, = (ij^. 

43. Momentum of a photon of wavelength A is 
(а). В/А (b) zero 

(c) hA/c (d) hc/A. 


44. If the ionization energy for the hydrogen atom is 
13.6 electron volt, the energy required to excite it from 
the ground state to the next higher state is nearly 
(a) 3.4 electron volt (b) 10.2 electron volt 

(с) 12.1 electron volt (d) 1.5 electron volt. 


45. The probability of a radioactive atom to survive 5 
times longer than its half-value period is 
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| (a) 2/5 








(b) 2х 5 


(с) 25 (d) 25. 


46. The masses of neutron and proton are 1.0087 and 
1.0073 a.m.u respectively. If the neutrons and protons 
combine to form helium nucleus of mass 4.0015 a.m.u 
the binding energy of the helium nucleus will be 

(a) 28.4 MeV (b) 20.8 MeV 

(c) 27.3 MeV (d) 14.2 MeV. 


47. When an pn-junction diode is reverse biased, the 
flow of current across the junction is mainly due to 
(a) drift of charges (b) diffusion of charges 
(c) both drift and diffusion of charges 

(d) depends upon the nature of material. 


48. If V, and 
Vg denote the 
potentials of 4 
and B,thenthe ; 
equivalent 
resistance 
between A and 

B in the adjoining electric circuit is 

(а) 10 ohm if V,» Ив (b) 5 ohm if V, < V; 
(с) 5 ohm if V, > Vz (d) 20 ohm if V, < Vp. 


10 Q 


109 


49. If the volume of a cubic cell is 10? m? then its 
lattice parameter is 


1 © 
(а) 103? m (b) 5х10 30 m 
(с) 1071? т (d) 10-!5 m. 
50. Which of the following gates corresponds to the 
truth table given below. A B Y 
(a) NAND 1 0 0 
(b) NOR ] on 
(c) XOR 01 1 
(4) OR. 00 1 


SOLUTIONS 


1. (b): F= kv. That is МІТ? = k [LT] 
Hence k = MT". 
u^sin20 и2ѕіп20 
2. (d): R= ym That is ————-————. 
g 2g 
Hence, sin20 = ^sin^o or, 2sinücos0 = —sin?6 


or, tanO = 4. 
3. (b): P is perpendicular to (Ох P). The dot product 
of perpendicular vector is zero. 
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4. (a): The effective value of the downward 
acceleration is [е — (—a)] $110 = (g + а)ѕіпӨ. 

S: (c) : ю = I0, 

Here / = MR?, 1, = (M + 2m)R? 

Hence о = Mo/(M + 2m). 


6. лыда 057 ae a 


IGM \Gx(4/3nR'p) 





That is To Lo 
р 


7. (c): КЕ œ T, where T is in kelvin. 


8. (b) 

"n а ЕО 
э ©: Az лз т 
In parallel, k = k, + k. 





fee ee. 
2n V m 
Frequency of open and closed pipes are v/2/ and v/4/ 


respectively. 

10. (a) 

11. (d): Electric fields dueto the charges at the opposite 
corners will cancel each other. 


12. (a) : Suppose we want to b 

find the resistance across a and 

c. The symmetry of the 

distribution current requires 

that there should be same 

current in the parts ab and bc. 

Same is true for the parts ad а € 
and dc. This is possible only when there is no current 
through the part bd. Hence equivalent circuit is as shown 
in the figure. And the equivalent resistance across a 
and c is 1/2 Q. 

13. (а) : Here 5 x C x 100 = 0.5 х 10° 

This gives C = 1 pF. 

Муѕіп ф 
qoB 
Since, mass of electron is less, so its radius will also 
be small. The radius of the proton will be more than 
that. Hence, curvature of the trajectory of the proton 
will be less. Remember, curvature = 1/radius. 

21M 
qB 


14. (b) : Radius of the circular path is R= 





15. (b) : In this case, T= 
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T h 
Let 7,, Mj, qı be the time period, mass and charge of 
proton and 75, M, q; that for a-particle. Then 
M 
Ty =T x2 
h М, 
Here q, = 2q, and M, = 4M,- Hence, 


T, «Tix x4 - 2 


_ real depth — thickness — real depth 
x 4 

17. (с): X-rays consists of photons, which do not carry 
charge. 


16. (0: н 


18. (d) : It is the maximum kinetic energy ofthe electron, 
when minimum amount of energy is used to take the 
electron out. 


үчү lh 
19. (b): Е = – ту -— =——y, 
(b) em, z Xm) 575, 


For photon, Ер = 23 


20. (d) : ,D? + ,C? — NP? + „Р 
Негеа=6+1- 7 = 0, = 2 + 12 – 13 = 1 

And oY! is neutron. 

21. (a) : The diode is reverse biased so the current 
through it is zero. 


22. (a): Momentum of 
the particle 
— mass x velocity 


= (5) х 342) 2154/2. 

The direction of 

momentum in the XOY 

plane is given by 
у-х + 4, 

Slope of the line = 1 
= (апд. ie. Ө = 45° 

Intercept of this straight line = 4 

Length of the perpendicular z from the origin on the 





4 
; Moo eme A SERA. 
straight line = 4sin45 B 


Angular momentum = momentum x perpendicular 
distance 


= (15./2)(2V2) = 60 units. 
23. (c) 
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24. (a) : Limiting force of friction = uR 
=uMg=0.4x2x 10=8N. 

As external applied force of 2.8 newton is less than 

than limiting friction, the actual force of friction is 

equal to the external force of 28 newton but in opposite 

direction. 


25. (с). 26. (b) 
29. (c) 30. (с) 
31. (c) : If D is the middle point of the line joining В 
and C, then charges of (—q) and (—g) placed at B and 
C can be replaced by a charge (—2q) placed at D. 


27. (a) 28. (a) 


i а 
Now Ар = (АВ) sin60°= =) 


Electric dipole moment = 24 a qax3. 


Positive direction of dipole moment is from D to A 
i.e. along the bisector of the angle at 4 but away from 
the base of the triangle. 


32. (b) 
33. (c) : Let current in the circuit be i then i is given by 
E+E=irtir or і = Еу. 


Now, V,- р = E-ir= EE aute ay 
r 


34. (b): For maximum power in the external resistance 
external resistance = total internal resistance. Hence 
the two batteries should be connected in parallel. 
External resistance = 0.5. 

Total internal resistance = r' 


E agl or, r'=0.5 
pr 
Current in external resistance 
E 2 
=———=——— = — = 2 ampere 
rrr' 0.5+0.5 1 


Power developed across external resistance = Pr 
= 22 x 0.5 = 2 watt. 


35. (d) : B œ i/r. 


36. (d) : For a transformer, EPA 


p Np 
E. Ж, 2, 80 
2522. Now, 2=——=0.0 
Мама М -4000 
Ex 0.08. УОЙ, 
: turn 


37. (c) : When the potential difference between the 
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cathode and the anticathode is V volt, then the minimum 

wavelength Ал of continuous X-rays is given by 
Amin = AcleV 

Here h = 6.6 x 10+ joule x sec 

с= 3 х 10? m/sec, е = 1.6 х 10? C 


6.6x107* x 3x105 
1.6х107!9 у 


V = 1.2 x 105 = 120000 eV 
he.= 12400 eV A 


_ 12400 eV А 
" 120000 


À 


min 7 


= 0.7 А. 


4 
38. (b) : “р, ==. 
E 


Here "u, = 1.5, А, = 7200 A 
Ag = ha „7200 _ 4800 A. 
ац, 1.5. 





39. (a): For an achromatic combination of two prisms 
P, and P., the angular disperson Ө, and Ө, are numerically 
equal. 
i.e. Ө, = Ө, 
(lur — luc) Ay = Quz - 200) 4; 
ie. (1.523 — 1.515)10° = (1.666 — 1.650)4, 
or, (0.008)(10°) = (0.016)4; 
e КАЖ = 5; 
40. (b) : In crossed electric and magnetic field the 
charged particle travels straight with no deflection when 
Bev = Ee. v = EJB. 
41. (d) : If charges on helium ion and hydrogen ion 
be denoted by q and д. 
Energyof helium ion = qV 
Energy of hydrogen ion = 
where У is the potential difference through which either 
of these ions is accelerated. 
If V4, and Vy denote the final velocities of helium ions 
and hydrogen ions and Mj, and Мі the masses of helium 
ions and hydrogen ions. Then 


1 2 2 
z^ m He qy (ж) (e 
Lg Và Үү? Vg q' A My. 


(91 = n 
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42. (a) : For a triode, і. = к, “| -.. (i) 


1/2 
di f V. 
E3 ZB UE 
Vg Vp constant х p 


yy ү y 
N 3 V. 2-Ё. = B 
36 |" 2 o 


. qua 
di, | a3 g| Р =3 калау. 
dV, K 2 


&, Vp = constant 
di 
р 
tE = Gm 
i cs | 
Vp = constant 


43. (a) 44. (b) 

45. (c) : Here t/t, = 5 = п 

But N/N, = (1/2)" = (1/2). г. МАМ, = 255. 
Survival probability of а radioactive atom = 275. 


Dear Students, We know that its too difficult to remember The 
spectral classification sequence (star classes on a stellar evolution 
diagram). So we are presenting some mneumonics to learn few very 


difficult things in Physics in a very easy way. 


wavelength 


microwave, radio, television. 





1. The different categories of radiation, in order of increasing 


Cary grant expects unanimous votes in movie reviews tonight. 
Cosmic, gamma, X-rays, ultraviolet, visible, infrared, 


2. Whether current leads voltage or lags it in reactive circuits 
Think of ‘Eli the Ice man’. In inductive (L) circuits, voltage 


46. (a) : Z m, = 2 [1.0087 + 1.0073] 

= 2 [2.0160] amu = 4.0320 a.m.u 
Ут, = 4.0015 a.m.u 
Decrease in mass when two protons and two neutrons 
combine to form helium nucleus 

— (4.0320 — 4.0015) amu 

= 0.0305 amu = (0.0305)(931) MeV 

— 28.4 MeV. 
47. (b) 
48. (c) : When V, > Vp, the junction diode is forward 
biased biased and hence conducting. Then the two ten 
ohm resistors are arranged in parallels. 


1 POE УЭ 
Кар 10 10 10 5 
Кав = 5 ohm. 
49. (c) : Let the lattice parameter be a, then 
109 gm? . a-10^?m. 
50. (a) 





(E) leads current (1), hence ELI. In capacitive (C) circuits, M E М 0 RY 


3. The direction in which the current flows in a thermocouple Gunteibulezigs Nokia Chandak Nasir 


it is the other way, so ICE. 


made from antimony and bismuth metals 


abc - The current flows from the antimony to the bismuth through the cold junction. 


4. The definition of mechanical advantage 


Men always like eating. 
MA - load over effort (1/e) 
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5. The order of ohmic values in resistors 
Billy brown relies on your gin but prefers good whiskey. 
Black/brown/red/orange/yellow/green/blue/purple/grey/white. 


If you have such mneumonics іп Physics, Chemistry, Botany or Zoology which can be proved as aid to memory then send them to us. On selection we 
will publish them with your name in our monthly magazines Physics For You, Chemistry Today and Biology Today. 
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SOLVED PAPER 


KERALA PET - 2005 


1. The frequency of X-rays, y-rays and ultraviolet rays 
are respectively a, b and c, then 

(a) а<Ь,Ь>с (b) а> Ё, Б>е 

(c) а> Б, Б<с (d a«b, b«c 

(d а= Б = с. 


2. Ifc is the speed of electromagnetic waves іп vacuum, 
its speed in a medium of dielectric constant К and relative 


permeability u, is 
(b) vec Ju, К 











c K 
(c) ¥= (4) wmm 
B, K Jus c 
Hr 
y-—R 
(e) Vek 


3. A red coloured object illuminated by mercury vapour 
lamp, when seen through a green filter, will appear 
(a) red (b) blue (c) violet (d) white 
(e) black. 


4. Time taken by sunlight to pass through a window 
of thickness 4 mm whose refractive index is 3/2 is 
(a) 2 x 10% sec (b) 2 x 10^ sec 

(c) 2 x 107! sec (d) 2 x 10" sec 

(e) 2 x 10? sec. 


5. Two thin lenses of focal length 20 cm and 25 cm are 
in contact. The effective power of the combination is 
(а) 45D (b)18D (е) 45D (d) 2.5 D 
(e) 9 D. 


6. The magnification of the image when an object is 

placed at a distance x from the principal focus of a 

mirror of focal length f is 

DUM E / f f 
= 1+2 — 1-— 

OR. ELEGIR 





7. Inthe Young's double slit experiment, the central 
maxima is observed to Бе J. If one of the slits is covered 
then the intensity at the central maxima will become 
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(a) 62 (Ы) 1/42 (c) 1/4 


(е) I. 
8. The ratio of the de-Broglie wavelength of ап 
Q-particle and a proton of same kinetic energy is 


(а) 1:2 "(by 1:1 (с) 1:/2_ (d)4:1 
(e) JE M 


9. Which ofthe following is not conserved in nuclear 
reaction? 

(a) total energy (b) mass number 

(c) charge number (d) nucleon number 

(e) number of fundamental particles. 


(d) lo 


10. The number of a-particles and p-particles 
respectively emitted in the reaction : gg 416 — з: 5!^^ 
are 


(a) 8 and 8 (b) 8 and 6 
(c) 6 and 8 (d) 6 and 6 
(e) 8 and 4. 


11. Thecounting rate observed from a radioactive source 
at ¢ = 0 second was 1600 counts per second and 
1= 8 seconds it was 100 counts per second. The counting 
rate observed as counts per second ¢ = 6 seconds will 
be 

(a) 400 
(e) 150. 


12. If D,, D, and D, are the doping levels of emitter, 
base and collector respectively of a transistor, then 
(a) D. = D= D, (b D, < D, = De 

(c) Р.> D, > Р, (d) D, < D; <Р, 

(e) D, > D, > D,. 


(b) 300 (с) 250 (d) 200 


13. The relation between о and В parameters of a 
transistor is 


@ a= ® "= 

nw Ba. NT 
© а=. () а=. 
© а-в 


14. A p-n junction in series with a resistance of 5 kQ 
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is connected across a 50 V 
DC source. If the forward 
bias resistance of the 
junction is 50 Q, the 
forward bias current is 

(a) .8.8 mA (b) 1 mA 

(c) 2mA (4) 20mA (e) 9.9 mA. 


$ ska 


ze e 


15. A transistor connected at common emitter mode 
contains load resistance of 5 kQ and an input resistance 
of 1 КО. If the input peak voltage is 5 mV and the 
current gain is 50, find the voltage gain. 

(a) 250 (b) 500 (c) 125 (d) 50 

(e) 75. 


16. If n, and n; are the refractive indices of the core 
and the cladding respectively of an optic fibre, then 


(а) т = п; (b) n <m 
(с) m < т (d) m; = 2n, 
(е) m= (27. 


17. Ifaradio receiver amplifies all the signal frequencies 
equally well, it is said to have high 

(a) fidelity (b) distortion 

(c) sensibility (d) sensitivity 

(e) selectivity. 


18. Ifa radio receiver is tuned to 855 kHz radio wave, 
the frequency of local oscillator in kHz is 

(a) 1510 (b) 455 (c) 1310 (d) 1500 
(e) 855. 


19. A TV tower has a height of 100 m. What is the 
maximum distance upto which the TV transmission can 
be received (А = 8 х 10° m)? 


(a) 34.77 km (b) 32.70 km 
(c) 40 km (d) 40.70 km 
(e) 42.75 km. 


20. The dimensional formula of magnetic flux is 
(a) [MIL?T2A"!] (b) [M!L?T-!A71] 

(c) [M'L?T-!A77] (d) [M'L?T°A""] 

(е) [M'L?T?A™] 


21. A physical quantity A is related to four observable 


a, b, c and d as follows. ao, 
cyd 


The percentage errors of measurement in a, b, c and 
d are 1%, 3%, 2% and 2% respectively. What is the 
percentage of error in the quantity A? 
(a) 12% (b) 7% (c) 5% . 
(e) 14%. 


(d) 16% 
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22. A body starting from rest moves with constant 
acceleration. The ratio of distance covered by the body 
during the 5‘ second to that covered in 5 seconds is 
(a) 9/25 (Б) 3/5 (c) 25/9 (d) 1/25 

(e) 25. 


23. The area under acceleration-time graph gives 
(a) distance travelled (Ы) change in acceleration 
(c) force acting (d) change in velocity 

(e) work done. 


24. A particle is displaced from a position (2 — j + k) 
to another position (3i --2j — 2k) under the action of 


the force of (2i + j — К). The work done by the force 
in an arbitrary unit is 
(a) 8 (b) 10 
(e) 20. 


25. From the top of tower, a stone is thrown up. It 
reaches the ground in г, s. A second stone thrown down 
with the same speed reaches the ground in f; s. A third 
stone released from rest reaches the ground in ż s. Then 


(c) 12 (d) 16 


t +2, 
(а) h= 3 (b) 5 = 4а; 
l Ф. gl 
Oe aa 5 (d) = 12-0? 
1-65 
i, =-——4 
(e) % 2 


26. An object is projected at an angle of 45° with the 
horizontal. The horizontal range and maximum height 
reached will be in the ratio 

(а) 1:2 (Ы) 2:1 (c) 1:4 


(e) 4 V2 


27. If the length of the second’s hand in a stop-clock 
is 3 cm, the angular velocity and linear velocity of the 
tip is 

(a) 0.2047 rad/s, 0.0314 ms"! 

(b) 0.2547 rad/s, 0.314 ms" 

(с) 0.1472 rad/s, 0.06314 ms"! , 

(d) 0.1047 rad/s, 0.00314 ms" 

(e) 0.347 rad/s, 0.134 ms". 


(d) 4:1 


28. A player caught a cricket ball of mass 150 g moving 
at the rate of 20 ms". If the catching process be completed 
in 0.1 s the force of the blow exerted by the ball on the 
hands of the player is 
(а) 0.3 М (б) 30N 
(e) 3 N. 


(c) 300N (а) 3000 N 
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29. A uniform metal chain is placed on a rough table 
such that one end of chain hangs down over the edge 
of the table. When one-third of its length hangs over 
the edge, the chain starts sliding. Then, the coefficient 
of static friction is 

(a) 3/4 (b) 1/4 (c) 2/3 (d) 1/3 

(e) 1/2. 


30. Two masses M and M/2 are 
joined together by means of light 
inextensible string passed over a 
frictionless pulley as shown in the 
figure. When the bigger mass is 
released, the small one will ascent 


р M2 
with an acceleration of 
(a) 2/3 (b) 3g/2 
(с) g2 Weg (e) g/4. = 


31. In elastic collision 

(a) both momentum and kinetic energies are conserved 

(b) both momentum and kinetic energies are not 
conserved 

(c) only energy is conserved 

(d) only mechanical energy is conserved 

(e) only momentum is conserved. 


32. A ball is released from the top of a tower. The 
ratio of work done by force of gravity in first, second 
and third second of the motion of the ball is 


(a) 1:2:3 (b) 1:4:9 

(c) 1:3:5 (d) 1:5:3 

(e) 1:3:2 

33. When the kinetic energy of a body is doubled, its 
momentum increases by ........... times. 

(a) 42. 52 (c) 4 (d) 242 
(е) 1/42 


34. Three identical 
spheres, each of 
mass | kg are kept 
as shown in figure, 
touching each other, 
with their centres on 
a straight line. If their 
centres are marked P, 
Q, R respectively, the distance of centre of mass of the 
system from P is 





PQ+PR+QR PQ+PR 
ш ere oo TEXTE 
P R PR-« QR 
c) “Н” @ = 
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PQ+QR+PR 
dde: ll 


35. The moment of inertia of a thin rod of mass M 
and length Z about an axis perpendicular to the rod at 
a distance L/4 from one end is 








Mi? Mi? TMI? 7ML 
O a O ка 5 dar 
7MP 
(9 —% 


36. A body rolls down an inclined plane. If its kinetic 
energy of rotation is 4096 of its kinetic energy of 
translation, then the body is 

(a) solid cylinder (b) solid sphere 

(c) disc (d) ring 

(e) hollow cylinder. ‚ 


37. Which of the following statements about the 

gravitational constant is true? 

(a) it is a force (b) it has no unit 

(c) it has same value in all systems of units 

(d) it depends on the value of the masses 

(e) it does not depend on the nature of the medium in 
which the bodies are kept. 


38. Four particles each of mass M, are located at the 
vertices of a square with side L. The gravitational 
potential due to this at the centre of the square is 


() Vn e) Ju St 

(c) zero (d). 952 G9. 
. GM 

(e) a 


39. Two identical solid copper spheres of radius R are 
placed in contact with each other. The gravitational 
attraction between them is proportional to 

(a) R (b) R? (c) R* (d) R^ 

(е) R. 


40. The modulus of elasticity is dimensionally equivalent 
to 

(a) strain 

(c) stress 

(e) surface tension. 


(b) force 
(d) coefficient of viscosity 


41. Radius of an air bubble at the bottom of the lake 
is r and it becomes 2r when the air bubbles rises to the 
top surface of the lake. If P cm of water be the 
atmospheric pressure, then the depth of the lake is 
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(a) 2P 
(e) SP. 


42. A manometer connected to a closed tap reads 
4.5 x 10° pascal. When the tap is opened the reading 
of the manometer falls to 4 x 10° pascal. Then the velocity 
of flow of water is 

(а) 7 ms! (b) 8 ms”! 
(e) 10 ms“. 


43. What is the velocity v of a metallic ball of radius 
r falling in a tank of liquid at the instant when its 
acceleration is one-half that of a freely falling body? 
(The densities of metal and of liquid are p and o 
respectively, and the viscosity of the liquid is n). 


(b) 8P (c) 4P (d) 7P 


(c) 9 ms! (d) 12 ms 





2.07) Pág 
(a) on (р- 20) (b) on ` p-a) 
2 2 
р 2r^g " 
(c) ps 5) (9) Б-та (p- o) 
rg -2 
(e) Td 20) 


44. A black body has maximum wavelength A,, at 
2000 K. Its corresponding wavelength at 3000 K will 
be 


3 2 16 
(a) 5s (b) i^» (o) i (d) As 


(e) 3 din 

45. The value of PV/T for one mole of an ideal gas is 
nearly equal to 

(a) 2 J mol! К"! 
(c) 4.2 Jmol! К! 
(e) 4 cal mol! K7. 


(b) 8.3 cal mol К! 
(d) 2 cal mol! К^! 


46. The volume of a metal sphere increases by 0.2496 
when its temperature is raised by 40°C. The coefficient 


of linear expansion of the metal is ........... ges 
(a) 2 x 105 (b) 6 x 10° 

(c) 18 x 10? (d) 1.2 x 1055 

(e) 2.1 x 10°. 


47. The temperature of equal masses of three different 
liquids A, B and C are 12°C, 19°C and 28°C respectively. 
The temperature when A and B are mixed is 16°C and 
when B and C are mixed is 23?C. The temperature when 
A and C are mixed is 
(a) 18.2°C (b) 22°C 
(e) 20.8°C. 


48. The time period of the seconds hand of a watch is 


(c) 20.2°C (d) 25.2°C 
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(а) 1 hour (b) 1s 
(d) 1 minute 


(c) 12 hours 
(e) 0.1 hour. 


49. A particle starts simple harmonic motion from the 
mean position. Its amplitude is a and total energy Е. 
At one instant its kinetic energy is 3E/4. Its displacement 
at that instant is 


(a) a/42 (b) a/2 
(e) a. 


50. A particle executes linear simple harmonic motion 
with an amplitude of 2 cm. When the particle is at 
1 cm from the mean position the magnitude of its velocity 
is equal to that of its acceleration. Then its time period 
in seconds is 

V3 


27 


ЕЕ NB 
(c) Ja (d) a 


2n 
3 


© 5 (d) 


1 З 
(а) sy © 214/3 
4/5 


(g I. 
D 


51. A closed organ pipe and an open organ pipe are 
tuned to the same fundamental frequency. The ratio of 
their lengths is 

(а) 1:1 (6) 2:1 
(е) 4:1. 

52. An observer standing near the sea shore observes 


54 waves per minute. If the wavelength of the water 
wave is 10 m then the velocity of water wave is 


(c) 1:4 (d) 1:2 


(а) 540 ms! (b) 5.4 т”! 
(c) 0.184 ms”! (d) 9 ms? 
(e) 48.6 ms?. 


53. A set of 24 tuning forks are so arranged that each 
gives 6 beats per second with the previous one. If the 
frequency of the last tuning fork is double that of the 
first, frequency of the second tuning fork is 

(a) 138 Hz (b) 132 Hz (c) 144 Hz (d) 276 Hz 
(e) 270 Hz. 


54. The electrostatic field due to a charged conductor 

just outside the conductor is 

(a) zero and parallel to the surface at every point inside 
the conductor 

(b) zero and is normal to the surface at every point 
inside the conductor 

(c) parallel to the surface at every point and zero inside 
the conductor 

(d) normal to the surface at every point and zero inside 
the conductor 

(e) normal to the surface at every point and non-zero 
inside the conductor. 
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55. A point charge +q is placed at the mid-point of a 
cube of side a. The electric flux emerging from the 
cube is 








Зда? q £o 
ey =" d 
(a) zero (b) = (c) EQ (d) Aga? 
(e) £9/q. 
56. Figure 
shows four 
plates each of == > H 


area A and 
separated 
from another by a distance d. What is the capacitance 
between P and О? 

2€)A 3894 480 
i Er dee 








e 27 
(e) zero. 


57. A soap bubble is charged to a potential of 16 V. 
Its radius is then doubled. The potential of the bubble 
now will be 
(a) 16 V 
(e) zero. 


(b) 8 V (c) 4 V (d) 2 V 


58. A parallel plate capacitor of capacitance of 10 uF 
is charged to 1 uC. The charging battery is removed 
and then the separation between the plates is doubled. 
Work done during the process is 
(a) 5 ЫЈ (b) 0.05 pJ (c) 1 pJ 
(е) 50 uJ. 


59. A 10 Q electric heater operates on a 110 V line. 
The rate at which heat is developed in watts is 

(а) 1310 W (b) 670 W (с) 810W (d) 1210 W 
(e) 1100 W. 


60. For a certain thermocouple, if the temperature of 
the cold junction is 0°C, the neutral temperature and 
inversion temperatures are 285?C and 570?C respectively. 
If the cold-junction is brought to 10°C, then the new 
neutral and inversion temperatures are respectively 
(a) 285°C and 560°C (Б) 285°C and 570°C 

(c) 295°C and 560°C ` (d) 275°C and 560°C 

(e) 275°C and 570°C. 


61. In which of the following substances does resistance 
decrease with increase in temperature? 


(d) 10 jJ 


(a) copper (b) carbon 
(c) constantan (d) silver 
(e) sodium. 


62. Resistors P and Q connected in the gaps of the 
meter bridge. The balancing point is obtained 1/3 m 
from the zero end. If a 6 Q resistance is connected in 
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series with P the balance point shifts to 2/3 m from 
same end. P and Q are 
(a) 4,2 

(c) both (a) and (b) 
(e) unpredictable. 


(b) 2,4 
(d) neither (a) nor (b) 


63. The current i, and i; 
through the  resistors 
R, (= 10 Q) and R, (= 30 ©) 
in the circuit diagram with 
Е, = 3 У, Е, = 3 У and 
E, = 2 У are respectively 
(а) 0.2 A, 0.1 A 
(b) 0.4 A, 0.2 A 
(c) 0.1 A, 0.2 А 
(d) 0.2 A, 0.4 A 





(e) 0.4 A, 0.1 A. 


64. An a-particle with a specific charge of 
2.5 x 107 C kg moves with a speed of 2 x 105 ms”! in 
a perpendicular magnetic field of 0.05 T. Then the radius 
of the circular path described by it is 
(a) 8cm (b) 4cm (c) 16 cm 
(e) 32 cm. 


65. A cyclotron can be used to accelerate 
(a) &-particles (b) B-particles 
(c) neutrons (d) neutrino 
(e) positron. 


(d) 2 cm 


66. The magnitude of the earth’s magnetic field at a 
place is By and the angle of dip is 5. A horizontal 
conductor of length /lying magnetic north-south moves 
eastwards with a velocity v. The emf induced across 
the conductor is 


(a) zero (b) Bolv sind 
(c) В,» (d) В, Љсоѕд 
(e) Bosind. 


67. А milliammeter of range 0-30 A has internal 
resistance of 20 Q. The resistance to be connected in 
series to convert it into a voltmeter of maximum reading 
3 Vis 

(a) 49 Q 
(e) 50 Q. 
68. A straight conductor of length / carrying a current 


I, is bent in the form of a semi-circle. The magnetic 
field in tesla at the centre of the semi-circle is 


(b 809 (с) 409. (d) 30Q 


; 1 

@) 2107 (b) Tx107 
ni E 2 

о x10" (à) Txio? 
2 

(e) 51077 
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69. A coil having an inductance of 0.5 Н carries a current 
which is uniformly varying from zero to 10 ampere in 
2 second. The e.m.f. (in volts) generated in the coil is 
(a) 10 (b) 5 (c) 2.5 (d) 1.25 

(e) 0.25 


70. If an alternating voltage is represented as 
E = 141 sin (628 2), then the rms value of the voltage 
and the frequency are respectively 

(a) 141 V, 628 Hz (b) 100 V, 50 Hz 

(c) 100 V, 100 Hz (d) 141 V, 100 Hz 

(e) 100 V, 314 Hz. 


71. A step-down transformer is used on a 1000 V line 
to deliver 20 A at 120 V at the secondary coil. If the 
efficiency of the transformer is 80%, the current drawn 
from the line is 


(a) 3A (b) 30A (с) 0.3 A (4) 24А 
(е) 24А. 
72. For the series 8 mH 
LCR circuit shown in 
the figure, what isthe — 220 v © E uF 
resonance frequency 

44Q 


and the amplitude of 

the current at the 
resonating frequency? 

(а) 2500 rad s"! and 5/2 А 
(b) 2500 rad s^! and 5 A 

(с) 2500 rad s^! and 5/4/2 А 
(d) 250 rad s! and 542 A 
(e) 25 rad s"! and 5/2 A 


SOLUTIONS 





1. (а): Б>а>с or ax<bandb>c. 
Е 
2. (9: =; =s 
Ho £o 
1 
с=———— and y=- 
VHoEp H € 
Ho €o 
€ 
y | Ss 
? Vhr: К 
3. (е) 
4. (с): и = 3/2, 4= 4 тт = 4 x 10? m 
(cd eee 
v t 
схі 3xl0°x¢ 3 3xl0*5x: 
or, 7 ji. o or, wu T 
d 4x10 2 4x10 
76 


3 
or, f= sea ы л 1071! se 
ка 


"er Ш. ad, 

‘ > E. fa 20 25 100 

or, P=9D. 

height of image 

6. (с): 1т{ = а 
eight of object 

7. (ec): b= 

When one slit is closed, amplitude becomes half and 

miensiy becomes 1/4th. 

1 — h/4. 


ea ay, 
or, |ті = —. 
и 


8. (а): се 
ту 








199 
2 Mg (Va) = im, 
1 1 
> 4m, (Va) =; 0p 
Yo 1 Vp 
—-=— or, У =- 
is » 2 nd. 
hg = h ; „= i 
Mg Ve My Vp 
or, 0724 Руз, 
Ap MaYa 4m, 2 
9. (e) 
10. (b) : 196 — 164 = 32 
88 — 78 = 10 
4,206.» „9164 
Then, 40 + 08 = 32 or a=8 
and2a—B=10 or 16- В = 10. ~. В = 6. 


11. (d) : At ¢= 0, counts. рег second = 1600 
At t = 8, counts per second = 100 
il 
In 8 sec, count rate reduces to 16 aa 
Therefore, half life must be 2 sec. In 6 sec., the count 


rate will become 200. 


12. (e) 
13. (c) : B=- or, p- 
p 


NP l+a 
14. (е): R=5 x 10 Q, V= 50 V 
ai 50 uio б! 

R (5x10 +50) 10041 


Ва =a 


a(I-pB) = a=— 


коку mA. 
101 
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15. (a): R; = 5 КО 


Input resistance = 1 КО, V; = 5 mV, В = 50 


I 

В = A ; Output voltage = 5kQ x J, 
h 

Input voltage = 5 x 10? V 


-A and AES. 
l, 1x10? 





=5х10° 0, 


1„= 50 x J, =50 х 5 х 10% = 250 х 10% 


output voltage 
Now, voltage gain = “naput voltage 
|. 5x10 x250x10 
лора 


16. (с) :n < n 


17. (а) 18. (е) : For resonance. 


19. (a) : Covering range = d ~ V2hR 


=V¥2x100x8x10° = 16х10 =4х10* = 40 km. 


20. (e): ф= В.А = BAcosO 


F 
and BgV=F. у. B=-— 
qV 
ф = F дсове 
qV 
[MLT] 
Dimensions = ma, 7-1, 


[471077] 
Dimensional formula of ф will be 
[M!L2A-'T?] or, [M'TA]. 


/ 1 
log A= Zloga+3logb-| loge 104) 


Differentiating both side 
dA _ 24а | 3db | de | 1 dd 


A a b c É d 
=2 x 1% +3 x 396 + 2% + 152% 
= 2% + 9% + 2% + 1% = 14%. 
22. (a) : Distance covered in 5th second 
=u+— “(2n-1)= 0+— 500- p=% 


Distance avai in 5 sec., 


gel ы ER 
2 2 2 


Ratio = 9/25. 
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= 250 


23. (б) :Change in velocity 
Area = change in acceleration (a) x change in time (1) 
— change in velocity. 


24. (а): A-2i-j«k, B=3i+2j-2k 
S-B-4A-(i «2j -2k)- Qi - j +k) 
-2143j-3k 
F-S =(2i+ j—k)-G+3j-3k) =2+3 +3 = 8. 
25. (b) : Let h be the height of the tower, then from the 


laws of motion (under gravity), 


1 
h=-ut, +812 ... (i), when projected upward 


: 1 2 
п= ш) +815 .. (ii), when thrown downwards 


with velocity w. 


1 
Also, Л zu. ... (iii), when released from rest. 
1 
From (i), Tue zg ... (iv) 
1 = 
л 1 
From (ii), —=и+— 81 .. (v) 
ty 2 


Adding (iv) апа (у), 
(EL je ien +h) 





h h 
Putting the value in (iii), £4 = fit; . 
. usin 20 
26. (d) : Horizontal range = S 
u? sin? Ө 
Maximum height reached = 2g 


u'sin20x2g  2sin20 





Bety = gxu? зіп? Ө © sin? 
—_ 2x1 2x1 2x2 (0=45°) 
aay xr 
=4;1. 


27. (d) : Length of second’s hand = 3 cm = radius, 
у = Qr. 


T 60 30 
v = 0.1047 x 3 = 0.00314 m/s. 
28. (а) : m = 150g, у = 20 m/s, t = 0.1 s 
Е = та 
a = vit = 20/0.1 = 200 


Е = 120 х200=30 N. 
1000 
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29. (e) : For static friction, 


15% 1/37 
-I {xM 
Ше! J T 
NU egi 7 
IIM 
TE 


30. (а): Mg — T, — Ma 
M M 


1,—-——g-——a 
LITO, 


^ 


Solving, guia > а=® 


When the bigger mass is 
released, acceleration of the lighter 
mass will be g/3. 





М; fee 


31. (a): Inelastic collision both momentum and kinetic 
energy are conserved. 


32. (c): u—0, S, =58(2n-1) 


Work done by the force of gravity in first second is 





mgh- g? =mg[n-£) 
t \ 


4 j 


Work done in 2" second is 


mgh— тв? or, тел | 


Work done in third second is 


5 
mgh- > mg” or, Bal h 32) 





\ 
mel n8 
Ratio of 1* and 29 = —_\__* EE 
mg|h-- 
e| 2) 
\ 
тзв) 
Ratio of 2™ and 3" is 5 = "32 5 
— 
me 25) 
RAO ODIT" 2З 5 25; 


N 


1 
33. (a): Kinetic energy = gv 


Momentum = ту = p or, kinetic energy = p?/2m 





2 
or, ele or, р - 2mk, 
2m 
p? pj. 
2k, = r, = — ot, 2k, == 
1=k on k 2т o 1 v 


Рә = jam, = 5 42mk = р 





or, р» = 2р. 
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(M p() +(МоХРО) + (MPR) 





34. (b) : x, Mp+Mo+M, 
_1x0+1xPQ+1xPR_ PQ+PR 
Ë 1+1+1 i ЖИЗ 
mt : ML’ 
35. (e) : Moment of inertia of uniform rod = 12 


Now at a distance 1/4, the moment of inertia will be 











MI: [LÝ м2 MÊ ме(1 т 
AF E EET he Du 
12 4] 12 16 4 43 4 
_ MP | 7\ MP 
4 12] 48 
36. (b) : Kinetic energy of rotation = 40% of К.Е. of 
translation. 
Kineti f rotation = Lint uper 
inetic energy of rotation = > E p 


1 
Kinetic energy of translation — gj" 


1 2 У 40 2 

— m., — ж=-— — 
er he RI ATOOUO 
or, ame? > p-2g 

IR S 27 5 


Moment of inertia of a solid sphere about its diameter 


2 
is SMR . «. The body is a solid sphere. 








joa 
37. (e) 
38. (a): Potential energy atthe м M 
centre 1s -4V2 1 
L 
or, :-/2х16 = 
Е BG} GM M Т M 
J 
"E GxSnR'pxZ nR'p 
39. (є): Foo = 3 3 — 
(28) 4R 
=Gx xp 
ie. Fe R‘ 
40. (с): Y= stress ЖОЛА 
strain AL/L 


AL 
Dimensionally g і. 


Modulus of elasticity is dimensionally equivalent to 
stress. 
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41. (d) : Let the pressure at the given point inside the 
liquid be (Р + Pam) 

and P, = P — at. pressure = cms of Hg 

or 76 x 13.6 cms of water 

Now, РИ = Р, 


4 4 
іе. (В *Py-mn = Рхл0л)' or, Р, = 7Р 


As Р is in cms of water, the depth of the lake is 7P. 
2 











42. (e): — + = — constant (by Bernoulli's theorem) 
Р 8 
) 2 2 
Hw mw 
pg 28 pg 28 
45x10° 1 , ,4x10° 1v? 
o, ————4—x02———.4——— 
Pg 2 pg 2g 
05x10 1» 1x10 —. 
о, ———=---*- => =v 
pg 2g P 
1x10 , 2 
=v 1002» > у, =10. 
е : ; 
43. (a) : We know terminal velocity — ai a 
Here g = g/2 
y = 2r? P= Р0)8/2 r'(p-Po)g. 
9n 97 
Т; 000 A 
ауа ee 
n эт, 2000 Am, 
ту = 2Am. 
3 
PV А 
45. (a): A cal/mole/kelvin. 
46 А you o -Y 
per 20. 100x40 3 
—5 ә е 
qu 210. ORE apes - 2x10? per °C. 
4x3 12 
47. (c) : Heat gain = heat lost 
C4.3 
Ca(16 - 12) = С (19-16) = GG 
Creme: 
and C,(23 – 19) = Сс (28-23) > —"-- 
Cc 4 
Sg ES 
Сс 16 


If Ө is the temperature when A апа С are mixed then, 
C4 (8 – 12) = Cc (28 - Ө) 


HORE E 
E л 5olvmg:;0 = 20.226. 
U-i2z Cc 10 
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48. (d) 
49. (b) : Total energy of a simple harmonic motion is 
given by E = moa? 
EE 1 moy (a? х?) 
4 
ог, 2i Le bh esta? ae 
4\2 2 
г, = =a’-x? ог, х? =a" а 
4 
2 
2 а a 
or, x^-— or х=. 
4 2 


50. (с) :4= 2 ст —— 
Magnitude of velocity from mean position = ov 4* — x* 
and acceleration = «2х 


Now, o?x2ovV 4? - х2 ог, o?.12 9 4-1 


or, o=3. 


51. (d): v= E for closed organ pipe 
1 


V 

о = — for open organ pipe 

21, 
NAE eee Oe ИН 

p^ di. qi. 4 h Е 2 

52. (d) : Number of waves per minute = 54 

Number of waves per second = 54/60 
Now, v = vA 


> 


v= 24 x10=9 m/s. 
60 

53. © :v4 = 220; 
and 95, – V; = (и – 1) number of beats/s = 23 х 6 
or, 20,;—0, = 138 or v= 138 
. V, =v, + 6 = 138 + 6 = 144 Hz. 
54. (d) 
55. (c) : According to Gauss’s law. 
56. (b) : The figure can be represented as 


С, 
C 


Now, the two capacitors are in parallel. 
Cg = C+ C-2Cand С = &4/d 


2c = 2804 | 
d 
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57. (b) : T 
F 
l l 
Иос and V, œ -— 
n 15 
ЕЕ LAE ММА АМ 7 
V, mn ^ Rm m 2 
lg 142 
;I—————,, but C,=—¢, 
58. (b): 2с? 202 2 1 


(Тһеге appears to be a misprint in the question paper. 
Values of g and C are given micro units but the answer 
is in milli units). 
59. (d): R= 10 Q 
Operating voltage = 100 V 
Rate of heat developed, H = PR 
And DET SER 
R 1 
Н = (II? x 10 = 1210 W. 
60. (b) : Temperature of cold junction = 0°C 
Neutral temperature = 285°C 
Inversion temperature = 570°C. 


61. (b) 





62. (b): E. g I= ln 


U3 IUS 
sü 


When 6 Q resistance is connected in series then the 
balance point shifted as 


or, 3P=Ż0 or, P= 











P+6_O о 3(P+6) 20 
2/3 1/3 2 
or, P+6=20 ... (ii) 
г 30 
From (i), 2 6-2 or, 6=2 _2_32 
(i) a Q Q "EF 
ог, О= 4. ThenP = 2. 
63. (а) : In the loop containing three cells 
Rin + E, - Е. -– Ез = 0 
Then, Ri, +3 -3-2 = 0 or, Ri, = 2 
i = 2/R, =-2/10 or |= 0.2 A. 
In the loop containing single cell 
Roi, + E, P 0 or, Rain = —E, 
a жел 
on 52—2-2—--01A. lil = 0.1 A. 
ту? ту y 
64. (c): Bqv- —— or, Bq--— or, r= 
r igs Bq/m 


As q/m = 2.5 x 10” kg", B = 0.051, у= 2 x 105 m/s 


80 





2x10 2 20 
125 


5x10?x2,5x10 12.5 
=0.16 m= 16 cm. 
65. (a) 66. (b) 
67. (b): /, = 30 x 102A, Ry -20Q, R=? 
V-I(Rt*R) = 3 = 30 х 10?(20 + R) 
=> 0.1.x 107=20+R = R=100-20=80Q. 
68. (a) : Magnetic field at the centre of the semicircle 


_ Ho m 
4n r 
Here r = l/m 
2 2 
pole MI inte, 
4xn 1 l 


dl 
69. :L-05H. ez-L— 
(c) di 


70. (с): E-141sin(6287) 
Е = Einot 
@=628 = 2nv = 628 
02528 _ 628 
2n 2x3.14 
Vg Еу 141_ 
E ү) =100 V. 


1.41 
71. (a) : Effici Ed, 

. (а) : Iciency. = 
Enlp 





=100 Hz 
Von 


x100 





_ 120x20 


=-————х100 => I,=3A4. 
1000 x 7, 


Г, 


72. (b) : Resonance angular frequency, 
1 1 


VLC sx103x20x10 


100 
0 == = 


A6 4 


EV! E 
fe (+) «[ocr- 7) 
R oL 


25x10? х20х1076 х 220 
3 220 
25x10? x 8x10? 
P-(5P-(10 11? orn P= Js2.5. 


On = 


x10? = 2500 rad/s. 
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(For Q.NO. 1 to 45) Only one option is correct and there will be negative marking in these questions. 


PASSAGE 1 : (Read the following passage and answer 
the questions numbered 1 to 5. They have only one 
correct option) 
An experimental 
setup of 
verification of 
photoelectric 
effect is shown in 
the diagram. The pA 
voltage across the 

electrodes is | 
measured with 20У 
the help of an ideal voltmeter, and which can be varied 
by moving jockey J on the potentiometer wire. The battery 
used in potentiometer circuit is of 20 V and its internal 
resistance is 2 Q. The resistance of 100 cm long 
potentiometer wire is 8 Q. 

The photocurrent is measured with the help of an ideal 
ammeter, Two plates of potassium oxide of area 50 cm? 
at separation 0.5 mm are used in the vacuum tube. Photo 
current in the circuit is very small so we can treat 
potentiometer circuit an independent circuit. 

The wavelengths of various colours is as follows : 


Light| Violet Yellow | Orange 


А in À/4000-4500 4500-5000| 5000-5500 5500-6000| 6000-6500 |6500-7 000 





.8 Q, 100 cm 
O 





2Q 















1. The number of electrons appeared on the surface 
of the cathode plate, when the jockey is connected at 
the end P of the potentiometer wire. Assume that no 
radiation is falling on the plates. E A 

(a) 8.85 x 106 (b) 11.0625 x 10? 

(с) 8.85 x 10? . (d) 0. 


2. When radiation falls on the cathode plate a current | 


of 2 НА is recorded іп the ammeter. Assuming that the 
vacuum tube setup follows ohm's law, the equivalent 





resistance of vacuum tube operating in this case when 
jockey is at end P. 
(a) 8x 1080 
(с) 8x 109 Q 


(b) 16 x 106 Q 
(d) 10 x 106 Q 


3. Itis found that ammeter current remains unchanged 
(2 ПА) even when the jockey is moved from the end 
P to the middle point of the potentiometer wire.Assuming 
all the incident photons eject electron and the power 
of the light incident is 4 x 10% W. Then the colour of 
the incident light is 

(a) green (Ы) violet 


(c) red (d) orange 


4. Which of the following colour may not give 
photoelectric effect from this cathode? 


(a) green (b) violet (с) red (d) orange 


5. Whenother light falls on the anode plate the ammeter 
reading remains zero till, jockey is moved from the 
end P to the middle point of the wire PO. Thereafter 
the deflection is recorded in the ammeter. The maximum 
kinetic energy of the emitted electron is 

(a) l6eV (b) 8eV (c) 4 eV (d) 10 eV 


Passage 2 : (Read the following passage and answer 
the questions numbered 6 to 10. They have only one 
correct option). 

Two closed identical 
conducting 
containers are found 
in the laboratory of 
an old scientist. For 
the verification of the gas some experiments are 
performed on the two boxes and the results are noted. 





Experiment 1. When the two containers are weighed 
W,=225 g, W= 160 g and mass of evacuated container 
И = 100 g. 

Experiment 2. When the two containers аге given same 
amount of heat same temperature rise is recorded. The 





Contributed by Deptt. of Physics. Resonance, Kota (Rajasthan) 
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pressure change found are AP, = 2.5 atm. APg = 1.5 atm. 
Required data for unknown gas : 











Mono He Ne Ar Kr 
(molar mass |4 9 20g 40g 84 g 
Dia 


H2 | F2 N2 О, 
(molar mass) 


2g | 199 28 9 








6. Identify the type of gas filled іп container4 апа В 
respectively. 

(a) mono, mono 
(c) mono, dia 


(b) dia, dia 
(d) dia, mono. 


7. Identify the gas filled in the container А and B. 
(а) №, Ne (b) Не, Н; (с) O, Ar (d) Ar, О, 


8. Total number of molecules іп 4 (here №, = Avagadro 


number) 

(a) 1254 (b) 3.125 N 
64 ^ ; ^ 
125 

(c) po (d) 32.25 N, 


9. The initial internal energy of the gas in container 
A, If the containers were at room temperature 300 К 
initially 

(a) 1406.25 cal 
(c) 2812.5 cal 


10. Ifthe gases have initial temperature 300 K and they 
are mixed in an adiabatic container having the same 
volume as the previous containers. Now the temperature 
of the mixture is 7 and pressure is P. Then 

(a) P> Pa, Т> 300 К (b) P> Pg, Т= 300 К 

(с) P< Pa, Т=300К (d) P> Py, T< 300K 


Passage 3 : (Read the following passage and answer 
the questions numbered 11 to 15. They have only 
one correct option). 

In a certain experiment to measure the ratio of charge 
and mass of elementary charged particles, a surprising 
result was obtained in which two particles moved in 
such a way that the distance between them remained 
constant always. It was also noticed that, this two particle 
system was isolated from all other particles and no force 
was acting on this system except the force between these 
two masses. After careful observation followed by 
intensive calculation it was deduced that velocity of these 
two particles was always opposite in direction and 
magnitude of velocity was 10? m/s and 2 x 10? m/s for 
first and second particle respectively and masses of these 
particles were 2 x 10730 kg and 107° kg respectively. 
Distance between them came out to be 12 A. 
(ТА = 10-9 m) 


10 


(b) 1000 cal 
(d) none of these 








11. Acceleration of the first particle was 
(a) zero (b) 4 x 10!5 m/s? 
(c) 2 x 10!5 m/s (d) 2.5 x 10!5 m/s? 


12. Acceleration of second particle was 
(a) 5 x 10!5 m/s? (b) 4 x 10!5 m/s? 
(с) 2 x 10!5 m/s? (d) zero 


13. If the first particle is stopped for a moment and 
then released. The velocity of centre of mass of the 
system just after the release will be 


1 


1 
(а) ex 10-30 m/s (b) 2 10? m/s 


3 
(c) а 10° m/s (d) none of these 


14. Path of the two particles was 

(a) intersecting straight lines 

(b) parabolic (c) circular 
(d) straight line w.r.t. each other 


15. Angular velocity of the first particle was : 
(a) 2.5 x 10!? rad/s (b) 4 x 10!? rad/s 
(c) 4 x 10? rad/s (d) zero 


16. Aonedimensional Situation Velocities 
gas is a hypothetical A 2 +3, АС 
gas with molecules that 7777000000000 
can move along only a  ,..2..../,.eeeesseee ees eere zee 
single axis. The given Chu uo cA АСР 
table gives. “four. аас 
situations, te e ce LU 
velocities in metre per second of such a gas having 
four molecules. The plus and minus sign refer to the 
direction ofthe velocity along the axis. In which situation 
root-mean-square speed of the molecules is greatest? 
(a) A (b) B (c) C (d) D 


17. A composite bar of length | E d 2m | 


L=1,+L, is made up from 
a rod of material 1 and of length L, attached to a rod 
of material 2 and of length Z, as shown. If a, and a, 


| are their respective coefficients of linear expansion, 


then equivalent coefficient of linear expansion for the 
composite rod is 


oL, t aL, a, L,+a,L, 
(a) L ( L 

0.1, +01, оцо, (Дт tL) 
S he 9 np + ols) 


18. Some of the thermodynamic parameters are state 
variables while some are process variables. Some 
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grouping of the parameters are given. Choose the correct 

one. 

(a) state variables : temperature, no. of moles 
process variables : internal energy, work done by 
the gas. 

(b) state variables : 
process variables : 
the gas. 

(c) state variables : work done by the gas, heat rejected 
by the gas 
process variables : temperature, volume. 

(d) state variables : internal energy, volume 
process variables : work done by the gas, heat 
absorbed by the gas. 


volume, temperature 
internal energy, work done by 


19, The given curve represents the 
variation of temperature as a 
function of volume for one mole 
of an ideal gas. Which of the 
following curves best represents the 
variation of pressure as a function 


of volume? 





TN 


b: 


20. A uniform disc of radius R lies in the x-y plane, 
with its centre at origin. Its moment of inertia about 
z-axis is equal to its moment of inertia about line 
у = х + с. The value of c will be 





(с) 





i 


_R b +e R 
(a) 2 (b) "X2 
+R 
QT (d) -R 


21. Two very large thin 
conducting plates having 
same cross-sectional area 
are placed as shown in 
figure they are carrying 
charges О and 30 
respectively. The variation of electric field as a function 
at x (for x = 0 to x = 3d) will be best represented by 


1L... 


(d, 0) Q4, 0) (34,0) 
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22. A current carrying rod 
AB is placed perpendicular 
to an infinitely long current 
carrying wire as shown in 
the figure. The point at 
which the conductor should 
be hinged so that it will not 
rotate. 
(a) A 
(c) C 
(d) some where between А and C 





(b) B 


23. A steel rod of length 1 m is heated from 25?C to 
75°C keeping its length constant. The longitudinal strain 
developed in the rod is (Given : Coefficient of linear 
expansion of steel = 12 x 10-$/*C) 


(а) 6 x 10% (b) -6 x 10^ 

(c) - 6 x 107 (d) zero 

24. In the circuit shown in figure, 10 V 

the resistance of voltmeter is 

6 KQ. The voltmeter reading will 

be 3 KQ 
(a) 6 V 2 kQ 

(b) 5V 

(c) 4V (d) 3 V 


25. [n the arrangement shown in figure, dielectric 
constant К, = 2 and К, = 3. If the capacitance are C, 
and C; respectively, then C,/C, will be (the gaps shown 
are negligible) 


A/2 





(a) 1:1 () 2:3 (c) 9:5 (d) 25 : 24 


11 








26. If a charged conductor B is so 

placed inside a hollow conductor that 

it touches the outer conductor. Then 

what will happen to its charge? 

(a) The charge of B is transferred to 4 
and comes on its outer surface. 

(b) 
on its inner surface. 


of 4. 


(d) No charge will be transferred to A. 


27. A steady current is set up 
in a cubic network composed 
of wires of equal resistance and 
length d as shown in figure. 
What is the magnetic field at 
the centre P due to the cubic 
network? 





fa) an d (0) “an Jad 
PE ET. 
(с) (d) 4л d 


28. In a step-up transformer the turns ratio is 10. If 


the frequency of the current in the primary coil is | 


50 Hz then the frequency of the current in the secondary 
coil will be 
(a) 500 Hz (b) 5 Hz 


(с) 60 Hz (d) 50 Hz 


29. Arectangular loop of sides of length Гапа 6 is placed 
in xv plane.Auniform but time varying magnetic field 


of strength B= 20r +107 4+ 50k where ż is time | 
g J | 
| radius of curvature of the mirror is 20 cm.Then the 


elapsed. The magnitude of induced e.m.f. at time г is 
(a) 20+ 201! (b) 20 
(с) 201 (d) zero 


30. Atrain of mass M is moving on a circular track of | 


radius R with constant speed V. The length of the train 
is half ofthe perimeter ofthe track. The linear momentum 
of the train will be 

2MV 





(a) zero (b) (c) MVR 


(d) MV. 


31. Three particles 4, B and C move 
т а circle of radius r = 1/7 m, in 
anticlockwise direction with speeds 
1 m/s, 2.5 m/s and 2 m/s respectively. 
The initial positions of 4, B and C 
are as shown in figure. The ratio of distance travelled 





12 





The entire charge of B is transferred to 4 and comes | 





| by B and C by the instant А, В and C meet for the first 


time is 

| (a) 3:2 (b) 5:4 (c) 53 5:5 (d) 3:7 
32. Two blocks 4 and B A B 
each of mass m are placed F a x i К 
on a smooth horizontal 530" 


A oe aa | force F and 2F are applied on the 2 blocks А and В 
positive charge is induced on the outer surface А : 
| respectively as shown in figure. The block 4 does not 


surface. Two horizontal 


slide on block B. Then the normal reaction acting between 
the two blocks is 


(a) F (b) F72 





(c) Fi 45 


33. Two beads 4 and B move along C 
a semicircular wire frame as shown 
in figure. The beads are connected 
by an inelastic string which always O (centre) 
remains tight. At an instant the 10 
speed of 4 is и, ZBAC = 45? and 

ZBOC=75°, where О is the centre p 

of the semicircular arc. The speed of bead B at that 
instant is 


(a) J2u 
(с) u/2/2 


(d) 3F. 






(b) м 


(d) 3573 и 
34. А particle revolves in 
clockwise direction (as seen 

from point 4) in a circle C of 

radius 1 ст and completes 

one revolution in 2 sec. The axis 


X 
P t 
un orm В 
; po б >, 
of the circle and the principal " 


axis of the mirror M. coincide. Call it 4B. The 





direction of revolution (as seen from 4) of the image 
of the particle and its speed is 

(a) clockwise, 1.57 cm/s 

(b) clockwise, 3.14 cm/s 

(c) anticlockwise, 1.57 cm/s 

(d) Anticlockwise, 3.14 cm/s 


35. The wavelengths of K, X-rays of two metals 4 and 





Bare respectively, where R is Rydberg 


1 
—— and 
1875R 675R 
constant. The number of elements lying between 4 and 
B according to their atomic numbers is 
(a) 3 (b) 6 
(c) 5 (d) 4 


36. A proton and a neutron are both shot at 100 m/s 
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towards a "C nucleus. Which particle, if either, is more 
likely to be absorbed by the nucleus? 

(a) the proton (b) the neutron 

(c) both particles are about equally likely to be absorbed 
(d) neither particle will be absorbed 


37. The given lens is broken 


into four parts and rearranged / | \ 

as shown. If the initial focal [12 

length is f then after 13|4/ е | 
rearrangement the equivalent |/ ғ 

focal length is 

(a) f (b) f2 (c) 74 (d) 4f. 


38. A block of iron is kept at the bottom of a bucket 

full of water at 2°C. The water exerts bouyant force on. | 

the block. If the temperature of water is increased by 

I?C the temperature of iron block also increases by 

1°C. The bouyant force on the block by water 

(a) will increase : (b) will decrease 

(c) will not change 

(d) may decrease or increase depending on the values 
of their coefficient of expansion 


39. An ice block at 0°C is dropped from height л above 
the ground. What should be the value of Л so that it 
melts completely by the time it reaches the bottom 
assuming the loss of whole gravitational potential energy 
is used as heat by the ice? [Given : L,= 80 cal/gm] | 
(a) 33.6 m (b) 33.6 km (c) 8m (d) 8 km 


40. In the figure shown, 
a person wants to raise a 
block lying on the ground 
to a height л. In both the 
cases if time required is 
same then in which case 
he has to exert more force. 
Assume pulleys and strings light. 
(a) (i) (b) (ii) 


(c) same in both (d) cannot be determined 


7 
(i) 





Direction for questions (41 and 45) : Read each of 
the following numbered pairs of statement carefully 
one is an assertion (A) and the second is a possible 
reason (R). Mark your answers to question according 
to followings. 
(a) If both assertion and the reason are true and the 
reason is an adequate explanation of assertion. 
(b) If both assertion and the reason are true statements, 
but the reason does not explain the assertion 
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(c) If the assertion is a true statement but reason is-a 
false statement 
(d) Ifthe assertion is false and reason is true statement. 


41. Assertion : The binding energy of a satellite does 
not depend upon the mass of the satellite. 

Reason : Binding energy is the negative value of total 
energy of satellite. 


42. Assertion : Simple harmonic motion is not a 


| uniformly accelerated motion. 
| Reason : Velocity is nonuniform in SHM. 


| 43. Assertion : If two waves of same amplitude produce 


a resultant wave of same amplitude, then the phase 
difference between them will be 120°. 

Reason : The resultant amplitude of two waves is equal 
to sum of amplitude of two waves. 


44. Assertion : The D.C. and A.C. both can be measured 
by a hot wire instrument. 

Reason : The hot wire instrument is based on the 
principle of magnetic effect of current. 


45. Assertion : Although the surfaces of goggle lens 
are curved, it does not have any power. 

Reason : In case of goggles, both the curved surfaces 
have equal radii of curvature and have centre of 
curvature on the same side. 


One or more than one options may be correct (For 

Q.No. 46 to 55) 

46. A solid sphere and a hollow sphere of the same 

material and of equal radii are heated to the same 

temperature 

(a) both will emit equal amount of radiation per unit 
time in the beginning 

(b) both will absorb equal amount of radiation from 
the surrounding in the beginning 

(c) the initial rate of cooling will be the same for the 
two spheres 

(d) the two spheres will have equal temperatures at 
any instant. 


47. A particle of mass m moves along a curve y = x°. 
When particle has x — co-ordinate as 1/2 and x-component 
of velocity as 4 m/s then. 

(a) the position coordinate of particle are (1/2, 1/4) 
(b) the velocity of particle will be along the line 
4x—4y- 1 = 0. 

the magnitude of velocity at that instant is 44/2 m/s 
the magnitude of angular momentum of particle 
about origin at that position is 0. 


(c) 
(d) 





48. An electron makes a transition from и = 2 to 

n — ] state in a hydrogen like atom. 

(a) magnetic field at the site of nucleus is decreased 
by 16 times. 

(b) magnetic field at the site of nucleus is increased 
by 32 times 

(c) angular momentum of electron is changed 

(d) none of these 


49. The half life period of a radioactive substance is 
20 days. If its initial concentration is doubled then the 
half-life period will becomes 

(a) double (b) half 

(c) four times (d) remains same 


50. A partition divides 
a container having 
insulated walls into two 
compartments I and II. 
The same gas fills the two compartments whose initial 
parameters are given. The partition is a conducting wall 
which can move freely without friction. Which of the 
following statements is/are correct, with reference to 
the final equilibrium position? 

(a) The pressure in the two compartments are equal. 
(b) Volume of compartment I is 3/5 

(c) Volume of compartment II is 12V/5 

(d) Final pressure in compartment I is 52/3. 





S1. The rate of heat energy emitted by a body at an 

instant depends upon 

(a) area of the surface 

(b) difference of temperature between the surface and 
its surroundings 

(c) nature of the surface (d) none of these 


52. The figure shows, a i 

graph of the current ina д 

discharging circuit of a 

capacitor through a resistor 

of resistance 10 Q. 

(a) The initial potential 2s 
difference across the capacitor is 100 volt. 





2.5A 


b) Th i itor is ——~F 
(b) The capacitance of the capacitor is 10In2 


(c) The total heat produced in the circuit will be 
500 . 
—— joules 
In 2 


(d 


— 


The thermal power in the resistor will decrease with 





1 
i second 
a time constant 212 


14 








53. In series LCR circuit voltage drop across resistance 

is 8 volt, across inductor is 6 volt and across capacitor 

is 12 volt. Then 

(a) voltage ofthe source will be leading current in the 
circuit 

(b) voltage drop across each element will be less than 
the applied voltage 

(c) power factor of circuit will be 4/3 

(d) none of these 


54. Which of the following is not possible ? 





P,72 x10 N/m 
(moving fluid) 
capilarry 





(c) Ё 





(stationary fluid) (stationary fluid) 


55. In which of the following cases potential energy 
increases? 

(a) a spring is compressed from its natural length 
(b) two opposite charges are brought near each other 
(c) a body is taken away against gravitational force. 
(d) air bubble rises up in water. 


ANSWERS 


1. (д 2. (с) 3. (d) 4. с) 5. (b) 
& (б) 7. (d) 8. (d) 9. (c) 10. (b) 
11. (d) 12. (a)  13.(c) 14. (c) 15. (a) 
16. (b) 17. (c) 18. (d) 19. (а) 20. (b) 
21. (c) 22. (d) 23. (c) 24. (b) 25. (d) 
26. (a) 27. (с) 28. (d) 29. (d) 30. (b) 
31. (b) 32. (d) 33. (a) 34. (a) 35. (d) 
36. (b) 37. (b) 38. (a) 39. (b) 40. (а) 
41. (d) 42. (с)  43.(c)  44.(c) 45. (а) 


46. (a, b) 47. (a, b, c) 48. (b, c) 49. (d) 
50. (a, b, c, d) 51. (a, c) 52. (a, b, c, d) 
53. (d) 54. (a, c, d) 55. (a, c) 


Note : For detailed solutions please log on to our 
website www.resonance.ac.in 
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1. Find the correct statement. 

A potentiometer is a better device to determine 
e.m.f. of a cell than a voltmeter. 

Voltmeter is a better device to determine e.m.f. 
of a cell than a potentiometer. 

Both potentiometer and voltmeter is equally better 
device to determine e.m.f of a cell. 

e.m.f. of a cell cannot be determined by 
potentiometer. 


2. An electromagnetic wave travelling in vacuum 


is given by E, = 30cos|2n x 10% — 21:/3], where Е, | 
is in volt per meter, 7 in second and х in meter. Then 


the frequency and direction of propagation of the 
wave are 

(a) 108 Hz, x direction 
(c) 30 Hz, x direction 


(b) 10% Hz, y direction 
(d) 30 Hz, y direction. 


3. „Рч246 emits in succession two В particles, three 
a-particles and three y ray photons. The resultant 


isotope is 
(а) Th (b) ggRa’** 
(c) gU (d) 5207236, 


4. A 4 uF condenser is charged to 400 volt and 
then its plates are joined through a resistance. The 
heat produce in the resistance is 

(а) 0.64 J (b) 0.32J 

(c) 0.16 J (d) 1.28 J. 


5. Photoelectric current can be increased by 
(a) increasing the intensity of light 

(b) decreasing the intensity of light 

(c) increasing the frequency of light 

(d) decreasing the frequency of light. 


6. After two hours 1/16 of the initial amount of a 
certain radioactive isotope remains un-decayed. The 
half life of the isotope is 
(a) 15 min 
(c) 45 min 


(b) 30 min 
(d) 1 hour. 


7. |n a cyclotron 
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only electric field increases the energy of the 
charged particle 

only magnetic field increases the energy of the 
charged particle 

electric and magnetic field alternately increases 
the energy of the charged particle 

(d) none of the above. 


(a) 


8. The equation of a body executing simple harmonic 
2 


d е н 
motion 15 given by n gx -0. The time period 
x 


of motion is 


/ 1/2 i 1/2 

[x 47 
(а) (=) (b) | | 

fg V? y N12 
(©) ias) (d) | z) 


9. In a pressure cooker, cooking is fast because 

(a) boiling point of water increases because of lower 
pressure 

(b) boiling point of water increases because of 
increasing of pressure 

(c) increase of latent heat of steam 

(d) decrease of latent heat of steam. 


10. The. absorptive power of a perfectly black body 
is 

(a) zero 
(c) infinite 


(b) one 
(d) one hundred. 


11. A galvanometer can be converted to an ammeter 
by connecting 

(a) a high resistance in series with it 

(b) a high resistance in parallel with it 

(c) a low resistance in series with it 

(d) a low resistance in parallel with it. 


12. A tuning fork vibrates at 250 Hz. The length of the 
shortest closed organ pipe that will resonate with 
tuning fork is, if the speed of sound in air is 350 m/s 
(a) 25 cm (b) 33 ст 
(c) 60 cm (d) 35 cm. 


13. Which of the following quantity remain constant 
in the motion of a planet in an elliptic orbit as seen 
from the sun? 

(a) speed of the planet 

(b) kinetic energy of the planet 

(c) angular momentum of the planet 

(d) velocity of the planet. 


14. Water is normally used as a coolant liquid to 
take away heat from running engine because of its 
(a) high density (b) high specific heat 
(c) low specific heat 

(d): high normal conductivity. 


15. A circular disc is rotating at the rate of 600 rotations 
per minute, its angular velocity is 

(a) 10 radian/sec (b) 60 radian/sec 

(c) 31.4 radian/sec (d) 62.8 radian/sec. 


16. A charged particle moving with velocity v enters 
a magnetic field in a direction perpendicular to the 
field and moves in a circular path of radius r. Then 
the time period of the particle 

(a) increases with v 

(b) decreases with v 

(c) independent of v 

(d) increases with v and r. 


17. The refractive index of glass is 1.5. The speed 
of light in glass is 
(a) 2 x 10!? m/s 
(c) 2 x 108 m/s 


(b) 3 x 10!? m/s 
(d) 3 x 108 m/s. 


18. Two sources of light are coherent if light waves 
coming from them are of same 

(a) wavelength (b) velocity 

(c) phase difference (d) frequency. 


19. The speed of violet light and red light are exactly 
same 

(a) in vacuum and air 

(b) in vacuum but not in air 

(c) in air but not in vacuum 

(d) neither in vacuum nor in air. 


20. Candela is the unit of 
(a) luminous intensity (b) luminous efficiency 
(c) luminous flux (d) illuminants. 


21. The energy release by fission of a single uranium 
atom is 200 MeV. The number of fission per second 
required to produce 3.2 watt of power is 


48 





(a) 10 (b) 10'° 

(c) 10" (d) 10!2, 

22. The average size of a nucleus is of the order of 
(a) 105m (b) 10" m 

(c) 105 т (d) 10% m. 


23. Which of the following material is normally used 
as moderator in nuclear reactors? 

(a) iron (b) germanium 

(c) graphite (d) oxygen. 


24. The half-life of Pa?!’ is 3 minutes. What fraction 
of 10 g sample of Pa?! will remain after 15 minutes? 
(a) 1/5 (b) 1/2 

(c) 1/125 (d) 1/32. 


25. Which of the following transition in a hydrogen 
atom emits the photon of lowest frequency? 

(a) n=2ton=1 (b) n=4ton=2 

(c) n=4ton=3 (d) n=3ton=1. 


| ANSWERS | 


1. (a): Potentiometer measures the e.m.f. of a cell 
more accurately as it is a null method. 

2. (a): E, =30008| ai 22| 
Comparing it with the relation ` 


E, - 30cos ES -m| 


we get v = 10? Hz and direction of propagation of the 
wave is x direction. 


3. (a): An alpha particle has mass of 4 units and 

charge of +2 units. A B-particle has negligible mass 

and carries unit negative charge. A y-particle carry 

no charge and massless particle. With emission of 

two В, 3a and 3y particles, decrease in mass number 

12 and decrease in charge number = 6 — 2 = 4. 
The resultant isotope is s, Th??*. 


4. (b): Heat produced in the resistance is equal to 
energy stored in capacitor 


-Lov =;х4х 105 x (400)? 20.32 J. 


5. (a): By increasing the intensity of the incident 
light, number of photons falling on a metal surface 
increases which will increase the number of 
photoelectrons thus the photoelectric current will 
increase. 
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NOE 4 .(1) 
бмр жү | о To a 
=> n=4 
Le. n=—=4 T ===> hr=30 min. 


7. (Б) : Inacyclotron energy of the charged particle | 








Compare it with the relation, deno pan 
we get k = gm/n 
[тт 


a 
Time period of SHM = T - 2n or, 7—2m, 


ү gm 
3727]? 
or, г-|“ | } 
а 


9. (b) : Increase of pressure increases the boiling 
point of water. 





10. (b) : For a perfectly black body the absorptive 
power is unity. 
11. (d) : To convert a galvanometer into an ammeter 
a low resistance is connected in parallel. 
12. (d) : For a closed pipe, n = v/4L 
5 

Or, 0220, ог, L= 350 

4L 4x250 
13. (c) : In a motion of a planet in an elliptic orbit 
as seen from the sun angular momentum of the planet 
remain constant. 


=0.35 m=35 cm. 





14. (b) : Water has high specific heat. It means for 
a particular change in temperature it would draw 
maximum heat. 


15. (d) : о = 219 
( 
=2x3.14x 67 = 628 radian/sec. 


Я 2nm 
16. (c) : Time of the particle = E^ 


Le. it is independent of v. 


17. (с): u= 


50 


3x10° 





Le v= =2х10* m/s. 


18. (c) : For coherent source wavelength is same and 
phase is also same or phase difference is constant. 


19. (a) : For vacuum and air all colours have same 
speed. 


20. (a) : The S.I. unit of luminous intensity is candela. 


21. (c) : Number of fission per second 
32 "n 
XOU ESDS 10: 
200x10° x1.6x10 

22. (a) : The size of a nucleus is the order of 1 fm 
і.е. 10715 m. 

23. (c) : Graphite is used as a moderator in nuclear 
reactors. 


№ M2 
N (1) N FAT 
de Ed [and s 
№ X2, № X2; 
Ш 
ELLE" 


25. (c) : The energy in the л" state of a hydrogen 
atom is given by 





PME a [where £, = —13.6 eV] 
n 
AE=E, ee Snl 1 | 
H; ^ no № | 
(i) n=2ton=1 

] 1 3 

AE-E, РЕБ: =- = 0.75Е, 
Г 4| 4 


(ii) n=4ton=2 
3 


a&- EU du p =0-1875 s, 
i3 aude 


(ii) n = 4 ton =3 


(iv)n=3 ton =2 


к= 


8 
= 58 = 0886, 





For n = 4 to n = 3, hydrogen atom emits a photon 
of lowest frequency. 
ш 
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er < 


1. The unit of amplification factor is 
(a) ohm (b) mho 
(с) AV! 


(d) a non-dimensional constant. 


2. A rubber ball is dropped from a height of 5 metre 
on a plane where the acceleration due to gravity is not 
known. On bouncing, it rises to a height of 1.8 m. On 
bouncing the ball loses its velocity by a factor of 

(a) 3/5 (b) 9/25 

(c) 2/5 (d) 16/25. 


3. A force F makes an angle 20? with another force 
F. The resultant of two forces is 

(a) Fcos20? (t: *Fcos20? 

(c) 2Fcos10? 'cos10?. 


4. In the case of an obliq:. 
perpendicular to acceleration 
(a) once only (b) twice 

(c) thrice (d) four times. 


5. 1 kg block and 0.5 kg 

block move together on a 0.5 kg a 
horizontal frictionless "4 

surface. Each block exerts a force of 6 N on the other. 
The blocks moves with a uniform acceleration of 

(a) 3 ms? (b) 6 ms? 

(c) 9 ms? (d) 12 ms. 


(е 


6. А 5 kg brick of dimensions 20 cm x 10 cm x 8 cm 
is lying on the largest base. It is now made to stand 
with length vertical. If g = 10 ms”, then the amount of 
work done is 


(a) 3J- (b) 5J 
(с) 7J (d) 9 J. 
7. Ifthe density of a material 


of a square plate and a circular 


plate shown in figure is same, j 
the centre of mass of the “— 

5 : {r 
composite system will be j / 
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t5, the velocity is | 





(a) 
(b) 
(c) 
(d) 


8. If a planet consists of a satellite whose mass and 
radius were both half that of the earth, the acceleration 
due to gravity at its surface would be 

(g on planet = 9.8 ms?) 
(b) 8.9 ms? 
(d) 29.4 ms. 


inside the square plate 
inside the circular plate 
at the point of contact 
outside the system. 


(a) 4.9 ms? 
(c) 19.6 ms? 


9. IfR,, is the radius of moon's orbit round the earth, 
a,, the acceleration of moon towards the centre of earth, 
and R, the radius of earth. Then a,, is equal to (if g is 
acceleration due to gravity on the surface of earth) 








(5) » (&]e 
"DP (9) UR J^ 
‚ (2) ¢ RY 
(c) EJS (d) E3 8 


10. Figure shows stress/ 

strain curves for three I 
different materials taken to 
fracture. Which curve best 
shows the behaviour of a 
copper wire, and which one 
best shows the behaviour 
of a glass fibre? 


stress 


strain 


Copper wire Glass fibre 


(a) I П 
(b I Ш 
(с) I Ш 
(d и I 


11. The mercury thread in a barometric tube stands at 
a height of 0.76 metre. If density of mercury is 


13.6 х 10° kg m? and gis 9.8 ms~, then the atmospheric 


pressure in Nm? is 


(a) 1.01 x 103 
(c) 1.01 x 10° 


(b) 1.01 x 104 

(d) 1.01 x 10°. 

12. Two different gases of molecular masses М, and 
M; are at the same temperature. What is the ratio of 
their mean square speeds? 
(а) M,/M, 

(c) VM / M, 


(b) M/M, 

(d) JM;!IM,. 
13. Heat energy absorbed 
by a system in going 
through a cyclic process 
shown in figure is 


—b V in metre 





(a) I0? m J 

(b) 10*л J i : 
(c) 10-7 J 10 30 
(d) 10 л J —> P in kPa 


14. An object is at temperature of 400°C. At what 
approximate temperature would it radiate energy twice 
as first? The temperature of surroundings may be assumed 
to be negligible? 
(a) 200°C 
(c) 800°C 


(b) 200 К 
(d) 800 К. 


15. Consider a wave represented by у = cos(5001 — 70x) 
where y is in mm, x in m and t in s. Which ofthe following 
are true? 

(a) the wave is a standing wave 

(b) the speed of the wave is 50/7 ms 

(c) the frequency of oscillations is 500 x 27 Hz 

(d) none of these 


16. A spring-mass system oscillates in a car. If the car 
accelerates on a horizontal road, the frequency of 
oscillation will 

(a) increase 

(c) remain the same 


(b) decrease 
(d) becomes zero. 


17. A particle moves in the X-Y plane according to the 
equation F = (i + 2j) Acosot . The motion of the particle 
is 

(a) on a straight line 
(c) periodic 


(b) simple harmonic 
(d) all of these." 


18. When a charged particle is projected in a direction 
perpendicular to a uniform and static electric field, its 
path is 

(a) a straight line 
(c) a parabola 


(b) simple harmonic 
(d) all of these. 
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19. The graph between E andr for a conducting uniformly 
charged sphere of radius R is 


(b) 


(d) 





r=R p 
20. A point charge is surrounded 
symmetrically by six identical 
charges at distance r as shown in 
the figure. How much work is done 
by the forces of electrostatic 
repulsion when the point charge 
at the centre is removed at infinity? 








(b) 


q? 124° 
(4) 


(а) zero 








(с) Ane or Aner 


21. Two dipoles (dipole moment $ p 
p) are placed as shown in figure. 


The force between two dipoles will x 








be 
зр? E 
(a) Sa (0) S 
эю эр 
() Fa (Фф a 


22. When the cells are connected in parallel 

(a) the e.m.f. increases (b) the e.m.f. decreases 
(c) the current capacity increases 

(d) the current capacity decreases. 





23. The potential difference between the terminals of 
acell in an open circuit was 2.2 V. When it was measured 
across a resistor of 5 Q it was found to be 1.8 V. The 
internal resistance of the cell is 

(a) 10/9 Q (b) 9/10 Q 

(c) 12/7 Q (d) 7/12 Q. 


24. A long metallic cylinder of radius R has a current 
i flowing through it. The magnetic induction B will vary 
with distance from the centre as shown in the figure 
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A. B. 
C. D. 
R —r 
(a) A (b) B 
(c) C (d) D. 


25. A proton is released from the origin at a place where 
fields E and В exist along —ve Y-axis and —ve Z-axis 
respectively. Find the displacement of the proton, when 
its velocity becomes perpendicular to the electric field 
for the first time, along Y-axis 








2Em -2Em 
om (Dat 
Em Em 
(с) =? (9) == 


26. A proton (mass m and charge +e) and a-particle 

(mass 4m and charge +2e) are projected with the same 

kinetic energy at right angles to a uniform magnetic 

field. Which one of the following statements will be 

true? 

(a) the a-particle will be bent in a circular path with 
a smaller radius than proton 

(b) the radius of the path of a-particle will be greater 
than that of proton 

(c) radius of the paths of both the particles will be the 

same 

both will go through the magnetic field in the straight 

line. 


(d 


— 


27. Inthe circuit shown in 
figure, the key is pressed 
at time г = 0. Which graph 
in figure shows the 
variation of current / with 
time £? 


ON 
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y key L 


(с) (4) 
t t 


28. Lenz's law is a consequence of the law of 
conservation of 
(a) charge 
(c) energy 


(b) mass 
(d) momentum. 


29. In a series LCR circuit, at resonance, the 


(a) total impedence is To sche 
Co 


(b) total impendence is R 
(d) voltage across C and / аге in phase 
(d) the voltage across C lags the source voltage by 71/2. 


30. A star is moving towards earth, then spectral lines 
are shifted towards 
(a) blue 

(c) green 


(b) red 
(d) infrared. 


31. Adiffraction pattern is obtained by using red light. 
If red light is replaced by blue light then 

(a) bands become broader and farther apart 

(b) bands disappear 

(c) bands become narrow and crowded together 

(d) no change in bands will takes place. 


32. An air bubble in a glass slab (u = 1.5) is 5 cm deep 
when viewed from one face and 2 cm deep when viewed 
from the opposite face. The thickness of the slab is 
(a) 7 cm (b) 10.5 cm 

(c) 7.5 cm (d) 10 cm. 


33. If refractive index of water is 4/3 and glass is 5/3, 
then critical angle so that light travelling from glass to 
water is completely reflected is 

(a) sin*!(4/5) (b) sin7!(5/4) 

(c) sin“'(3/5) (d) sin-!(4/5). 


34. In aphotoemissive cell, speed of fastest electron is 
у when radiations of wavelength A are incident on it. If 
incident wavelength is changes to thrice the earlier 
wavelength, speed of fastest emitted electron will be 


EB Р EN 
y| > v| — 
а) 1] ® эз) 
эү? fan? 
(c) less than (s) (d) greater than vl — | 
4 3; 
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35. If the momentum of a particle is doubled, then 
wavelength associated with the particle will be 

(a) remains unchanged (b) half 

(c) double (d) none of these. 


36. The de-Broglie wavelength of an electron of speed 
0.5 kms“! is 

(а) 1.5 x 10% т 
(с) 1.5 х 107'? m 


(b) L5 x 10% m 
(d) 1.5 x 107? m. 


37. A proton and an a-particle are accelerated through 
the same potential difference. Ratio of de-Broglie 
wavelength of the proton to that of o-particle will be 
(a) 2:1 (b) 1:2 


(с) 22:1 (d) 1:242 


38. Potential energy V of a pair of nucleons varies with 

their distance d as 

(a) Ped 

(b) F= constant for d < 0 and V = 0 for d > а, where 
d, is same fixed distance 

(c) “е 1/4 (d) V e d?. 


39. Binding energies per nucleon for Li-7 and He-4 
are 5.60 MeV and 7.06 MeV respectively. Then energy 
of the reaction : Li? + Н! — He? is 

(a) 19.6 MeV (b) 17.3 MeV 

(c) 8.4 MeV (d) 2.4 MeV. 


40. Two radioactive materials Y, and X, have decay 
constants 10/A and 1/A respectively. If initially, they 
have same number of nuclei, then ratio of the number 
of nuclei of Y, to that of X, will be 1/e, after a time 
(a) (1/9) А (b) (1/10) A 

(c) (1/11) X (d) (11/10) A. 


41. When hydrogen atom is in its first excited level, its 
radius is 
(a) half of the radius of hydrogen atom in its ground 
state 
same as radius of hydrogen atom in its ground state 
twice of the radius of hydrogen atom in it's ground 
state 
four times as the hydrogen atom in its ground state. 


(b) 
(c) 


(d 


— 


42. Uranium-235 is used as nuclear fuel in a nuclear 
reactor having power level | MW. Amount of fuel needed 
in one year will be (given : energy released per fission 
= 200 MeV) 


(a) 87 gm (b) 103 gm 
(c) 385 gm (d) 148.5-gm 
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43. Ifthe shortest wavelength of Lyman series is 911.6 A, 
then largest wavelength of the same series will be 
(a) 1119.8 À (b) 1215.5 À 

(c) 1376.8 À (d) 1417.9 А. 


44. If ultraviolet light of wavelength 800 A is allowed 
to fall on the hydrogen atom in its ground state, electron 
with kinetic energy 1.8 eV is liberated. If wavelength 
of the incident radiations is changed to 700 À, then 
Planck's constant = 6.57 x 10734 J sec) 

(a) 3.8 eV (b) 4.0 eV 

(c) 4.8 eV (d) 6.0 eV. 


45. A hole in P-type semiconductor is 
(a) missing atom (b) a missing electron 
(c) a donor level (d) an excess electron. 


Париз [ Output | 


46. Truth table given below 
corresponds to 

(a) AND gate 

(b) OR gate 

(c) NAND gate 

(d) NOR gate. 





47. In the figure given, B 
input is across A and C and 
output is across B and D. 
Then output is 

(a) zero 

(b) Vi 

(c) half wave rectified 


(d) full wave rectified. pi 


48. Which of the following is responsible for the flow 
of current in a conductor? 
(a) positive ions 

(c) protons and holes 


(b) free electrons 
(d) protons. 


; : a I, 
49. Current gain of a semiconductor device is a = aS 
"E 


and p=% then relation between a and f) is 





B 
ea a-- B 

(a) 1+@ (b) i-p 

(c) Be (d) none of these. 


50. A combination of AND function and NOT function 
results in 

(a) OR gates 
(c) NAND gate 


(b) inversion 
(d) NOR gate. 
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[SOLUTIONS 


1. (4): Since amplification factor is the ratio of output 
voltage and input voltage therefore it is a dimensionless 
constant. 


у У, 





2. (с) : Fractional loss іп velocity = 





У Y 2gx5 
3. (с): R= F + Р + 2F?cos20? = 2F*(1 + cos20?) 
or А2 = 2F*(1 + 2с05210° — 1) = 4F?cos?10? 
or, R=2Fcosl0°. 
4. (a):Atthe highest point of trajectory, the velocity 
becomes horizontal. So, it is perpendicular to acceleration 
(which is directed vertically downwards). 


6 - 4 
5. (d):6=0.5a or, а= gg ms? coms. 


6. (a): Initial height of C.G. = 4 cm 
Final height of C.G. = 10 cm 
Increase in height = 6 cm = 0.06 m 
Work done = 5 x 10x 0.06 J = 3 J. 


7. (a): Ifp is mass/area, then mass of square is 2р. 


ni? 
Again mass of circular plate is = . Clearly, the square 


plate is more massive than the circular plate. 





, G(MI2) „GM 
8. ():89——;-2—- 
(©): 8 уо) gB 
g = 28 = 2 х 9.8 ms? = 19.6 ms?. 
MIR R? 
9 (d) Д а,, - G. e a or, а, _ : 
g | GM,/R, E. oR 


10. (d) : Copper is ductile and glass is brittle. 


11. (c) : P2 0.76 х 13.6 x 10 x 9.8 N m? 
= 1.01 x 105 Nm”. 


1 1 
12. (b): Cx ——— or, Ce — 
(b) no Y 


2 „ 
13. (с): Агеа = eee Ј= 1002]. 
К 4 
14. (а): 2.2] 
Q |673 
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15. (b) : Comparing with y = acos(wt — kx) 

€ = 500, k = 70 
o 500 50  , 
—=-—=—_ms . 
k 70 7 
16. (c) : The frequency of oscillation does not depend 
upon the effective value of acceleration due to gravity, 
in a spring-mass system. 


Speed of wave = 





17. (a) 
А dv, qE dv, 
18. (c) : In this case Pom and PN 
dx ( qE|, 
This gives 7 =: =} 
dy 


and — =v, = constant 
dt ” 


E - 
We obtain x= E31 and у = (constant) x £ 
m 


This gives y? = constant x x. 

So, the path is parabola. 

19. (b) : For conducting sphere, for r < А, E = 0. 
However, for r > R, E = kglr? 


where k= 





and q is the charge on the sphere. 
£n 
20. (b) : The potential energy of the point charge due 


. Since 





to individual charges surrounding it is U — 
AREF 


the six charges are identical, the resultant potential energy 
2 





6 
of the point charge is Ta. Hence, the work done on 
ANE r 


moving the point charge to infinity is 6q7/4n€ gr. 
21. (b) : Electric field at dipole 2 is due to 1 is 


P ; ы 
— (opposite to p,) 





21 = 








4ne, X 
Electric potential energy of the =? pp 
system is 
5 4 EE A, 
U=-p:En= - 3 * 
Ane x 
r- р? (-E|i2.397 
dx 4те, xi) 4 next Xx 


Positive sign of F indicates that there is repulsion between 
the dipoles. 


22. (c) : The current capacity increases when cells are 
connected in parallel. 

.E-V 22-1.t), 10 

23. : r=: —— |В = 52— Q 

UT \ F | | 1.8 Jj 9 
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24. (b): In figure, if we want 
the magnetic field at an 
inside point P for a long 
metallic cylinder carrying 
current, / we consider a 
closed curve C as shown. We 
apply Ampere’s circuital law 
here. 


L 2 
B(2nr)- Ho ae t 


\ 
в=[ Hol Ir. Ber. 
2nK Jj 


If we want the magnetic field at a point P’ distant ғ 
from the axis of the cylinder, then we again apply 
Ampere's circuital law for the curve C'. We obtain 

4. BY nr) = pol 
n" 

2nr 

B' e p^! 
We now plot a graph for О є T ; 
B-vs-r. 
25. (b) : Let us take axes as 
shown in figure. According 
to the right-handed system, F 
the Z-axis is upward in the ў 
figure and hence the magnetic х 
field is shown downwards. 
At any time, the velocity of the proton may be written 
as 





or, 





uud Uy j 

The electric and magnetic fields may be written as 
E--Ej and B= -Bk respectively. 

The force on the proton is 
F =e(E+iix B) - -eEj — eB(u,i -u,j) 

Thus, F, = —eu, B and F, = —e(E — и, B) 

The components of the acceleration are 





"e du, eB, 1 
t EU AES: v ... 
© dt m ( 
du, e К 
and а, = y -——(E-u,B) ^» (il) 
2 
We have, LE. eB Oe = 262488 u, =—0 u, 
t m dt m m А 
where w = eB/m . (iii) 


This equation is similar to that for a simple harmonic 
motion. Thus, 
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иу = A 5іп(0 + à) -.. (iv) 
du, 
and hence, 2 Ao cos(ot +8) s (v) 
d F, 
eien Т == ee 
di m m 
Putting in (iv) and (v), 
b E 
§=0and 4-— e — 
mo B 


E. 
Thus, и, =-—sinot 
B 


The path of the proton will be perpendicular to the 
Y-axis when u, = 0. This will be the case for the first 
time at ¢ where 

п лт 


і = — = 


5107 = 0 or, =n or, — 
о eB 


Also, и, zn A Bd 
^ dt B 


y Е! 
or, fdy=-—{fsinwtdt 
D Bo 


or, у EXAM + cosot) 
Bo 


п Е Е 
At t=—, y:=—(-1+cosn) = –— 
Q P Bo! ) Bo 


Thus, the displacement along the Y-axis is 
-2E -2bm -2Em 











Bo  BeB eB 
ту? 1 р? 
Н В = E —— 2 = —— 
26. (с): av ? 5 jm =e 
cum ATE. жы M, ey 
pom yarig s ar aB 2B 


Since Ex is same but mg = 4m,, qa = 29, we obtain 








Jm, Ek | f2m,E  2m,E, 
ВЗ uU du 026 q,B 
Hence R, = Ra 


27. (c): The current grows and then becomes maximum 
with the increase in time. 

28. (c) 

29. (b) : At resonance, a series LCR circuit is totally 
resistive. 

30. (a) : When star moves towards earth, wavelength 
of the light coming from it decreases and spectral lines 
shift towards the blue side. 

31. (c) : Band width e wavelength 

When we go from red colour to blue colour wavelength 
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decreases and hence band width decreases, i.e. bands 
become narrower. 


32. (b) : Total apparent depth y = 7 cm 
If thickness of the slab = real depth = x (say) 
Then u = х/у => x^y:u-77x 1.5 = 10.5 cm. 
w. =. 5 3. 1 
89: 0072 ie ац, 4/3 4 sine 

4 г = 
on $їїс=— > csin |—|. 

5 \5, 


34. (с): zm =“ Ex 


... (ii) 


and х ву? к ф 
2 3X 


А 
From (i) and (ii), provided z> 
i.e. if photoelectrons are emitted. 
35. (b) : As à = A/P 
ve tel Alb, 
2P DNeP E22 


6.6х197°* 


36. (a): ЛЕ, о, N-i 
ту 9.1x107' x 500 


= À-15x10$5m. 


h 
37. (c) : uio 
Мы мые UN. PN 
© J2(4mV2eV  (16m)eV 
Àp : А = 22: 1. 
38. (с) 


39. (b) : Binding energy of Li-7 = 5.6 х 7 = 39.2 MeV 
Binding energy of Не-4 = 7.06 х 4 = 28.2 MeV 
Since the reaction is not balance, first balance the reaction 
then calculate the energy of the reaction. 
Li’ + H! 2 „Het 

Energy of the reaction = 2 х 28.24 — 39.2 = 17.3 MeV. 
40. (a) : М, = Noe, М, = Мето 

N, y 3 

—-——-g 

Ns. O 
vet: мй» n А 
Ay =À, Я ТОБ 9 
A „Ж 
41. (d) : In first excited state и = 2 and r « 77. 
ie. radius becomes four times. 


e 
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42. (c) : Power in 1 MW = 10$ J/s 
Total E per second = 10° J 
Energy released per fission = 200 MeV 
= 200 x 1.6 x 10 x 10°J = 3.2 x 10" J. 
of fissions needed per second 
dae 
~ 32x10" 
. of fissions needed in one year 
= 3.125 x 10! x 365 x 24 x 60 x 60 
= 9.86 x 107 
Number of nucleus involved in fission per year 
= 9.86 x 107 


No. 


= 3.125x10!6. 


x9.86x10? 2385 gm 


- 28 
Mass required = 6.0210" 


43. (b): -— TM. 
. . os , “3 


А, M. = 5x 911.6=1215.5 A 


44. (b): Let E, and Е, be the kinetic energy of electrons 
for incident radiations of wavelength A, and A; 
respectively. 


p.h 2@) 


E, = Е, eet 


2 1 
зеи а АЗР. 
1.6х10"” 700x107" 800x10” 
6.57x10 х3х10* 


1.6x10^" 
[1.43 x 107 1.25 x 107] 


6.57х107* x 3x10* 
E, 21.84. ———————— ——— 
b EA 16x10” 


or, E= 1.8 + 2.2 = 4.0 eV. 

45. (b) : Hole is deficiency of electron. 

46. (b) : For OR gate, У = 4 + B. 

47. (d) 48. (b) 49. (c) 

50. (c) : AND gate followed by NOT gate is NAND 
gate. 


E, =1.8+ 


or, Ё =1.8+ 


x 0.1810’ 


(л 
-l 
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PART-A 


Note: For Question Numbers 1-15 only one answer 
is correct. 

1. An insect crawls up a 
hemispherical surface very slowly 
(see the figure). The coefficient 
of friction between the insect and 
the surface is 1/3. If the line joining the center of the 
hemispherical surface to the insect makes an angle a 
with the vertical, the maximum possible value of a is 
given by 

(a) cota = 3 
(c) seca = 3 


NV 


(b) tan a = 3 
(d) cosec а =3 


2. A string of negligible mass going 


over a clamped pulley of mass m m 
supports a block of mass M as shown 

in the figure. The force on the pulley 

by the clamp is given by 

(a) J2Mg (b) J2mg 

(с) «(мМ т) mg (0) (Мет) +M°g 

3. Asymmetrical lamina of B 





mass M consists of a square 
shape with a semicircular 
section over the edge of the 
square as shown in figure. ; | 
The side of the square is 2а. -———- 

The moment of inertia of the Nass X 
lamina about an axis through its centre of mass and 
perpendicular to the plane is 1:6 Ma?. The moment of 
inertia of the lamina about the tangent AB in the plane 
of the lamina is 

(a) 2.6 Ma? (b) 4.8 Ma? 

(c) 5.6 Ma? (d) 9.8 Ma? 

4. Acircular platform is free to rotate in a horizontal 


plane about a vertical axis passing through its center. 
A tortoise is sitting at the edge of the platform. Now, 


the platform is given an angular velocity w. When the 
tortoise moves along a chord of the platform with a 
constant velocity (with respect to the platform), the 
angular velocity of the platform @(ї) will vary with 
time ¢ as 

xt) exu) 


(n, My 


(a) (b) 


w(t) a(t) 


(0, (0, 


(c) (d) 
t t 


5. A hemispherical portion of 
radius R is removed from the 
bottom of a cylinder of radius R. 
The volume of the remaining 
cylinder is V and its mass is M. It 
is suspended by a string in a liquid 
of density p where it stays vertical. 
The upper surface of the cylinder 
is at a depth A below the liquid 
surface. The force on the bottom of the cylinder by 
the liquid is 

(a) Mg (b) Mg – Vpg 

(с) Mg + nR?hpg (d) pg(V + л?) 

6. The PT diagram for an 
ideal gas is shown in the 
figure, where AC is an 
adiabatic process, find the 
corresponding PV diagram. 









Contributed by : Vidyarthi Academy, 1/4, 1% Floor, Chandrodaya Society, Swastik Park, 
Opp. Swastik Chamber, Chembur, Mumbai, Ph.: 25222710 
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7. A non-conducting ring of radius 0.5 carries a total 
charge of 1.11 x 107! C distributed non-uniformly on 
its circumference producing an electric field E 
everywhere in space. The value of the integral 


hel 
| -E-dd (A = 0 being center of the ring) in volts is 


= 


(a) 32V (b-IV (с)-2У (d) zero 


8. Aparticleofmass _ — ,y 
m strikes elastically — 

with a horizontal disc  R/2 / à 

of radius R, with a = х 
velocity у as shown іп 

the figure. If the mass 

of the disc is equal to that of the particle and the surface 
of contact is smooth, the speed of the disc just after 
collision and its direction of motion with respect to initial 
direction of particle is 


2v aft ' 
(a) 4 along x (b) vs 6 = 30 


(c) =,- 90° (d) 2v, 45°. 

9, Distance between the centers of two stars is 10a. 
The masses of these stars are M and 16 M and their 
radii a and 2a respectively. A body of mass m is fired 
straight from the surface of the larger star towards the 
smaller star. The minimum initial speed for the body 
to reach the surface of smaller star is 








3 [GM 2 [5GM 
@ Na © 3 

з [БОМ 2 [GM 
(с) 2 a (d) = a 


10. Two masses m and M are attached to a spring, which 
is kept in a stretched position with maximum extension 
ху and is released. Assuming the horizontal surface on 
which masses are placed to be frictionless, the time 
period for oscillation would be 


Mm m 
(a) ит (b) эл? 
М 2Мт 
9 <i 
(c) 2л, n 


(d) 2m a m) 
78 











11. A wave equation is given by y = Acos(wf — kx), 
where symbols have their usual meanings. If v, is the 
maximum particle velocity and v is the wave velocity 
of the wave then 

(a) v, can never be equal to v 

(b у, =у огл = 204  (c)v,- v for À = 4/21 
(d) v, = v for A = A/n. 


12. A conducting sphere of radius A, carrying charge 

Q, lies inside an uncharged conducting shell of radius 

2R. When joined by a metal wire, 

(a) 1/3 Q amount of charge will flow from the sphere 
to the shell 

(b) 2/3 Q amount of charge will flow from the sphere 
to the shell 

(c) Q/2 amount of charge will flow from the sphere 
to the shell 

(d) (Q?/16ne,R) amount of heat will be produced 


13. A proton, a deuteron and an alpha particle are 
accelerated through potentials of V, 2V and 4V 
respectively. Their velocity will bear a ratio 





(a) 1:1:1 (b) 1: 42 :1 

(с) 25 151 (d 1:1: 42 

14. Induced currents in position ©) 1 No current 

2, 3, 4 are respectively * 

(a) clockwise, anticlockwise, = 
clockwise ка 

(b) anticlockwise, zero, © 
anticlockwise k 

(c) anticlockwise, zero, с) 
clockwise + 

(d) anticlockwise, clockwise, O 5 No current 
clockwise 4 


15. The work function for a substance is 4.0 eV. The 
longest wavelength of light that can cause photoelectron 
emission from this substance is approximately 

(a) 540 nm (b) 400 nm 

(c) 310 nm (d) 220 nm 


PART-B 


Note: For Question Numbers 16-30 one or more than 
one answer/s is/are correct. 

16. An uniform bar length 6a and mass 8m lies on a 
smooth horizontal table. Two-point masses m and.2m 
moving in the same horizontal plane with speed 2v 
and v, respectively, strike the bar (as shown in figure) 
and stick to the bar after collision. Denoting angular _ 
velocity (about the center of mass), total energy and 
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center of mass velocity by œ, E and V, respectively, 


we have after collision D 
(a) V, = 0 Ф m 
Зу и— За-—н 
а C x 
= Соса раа) 
у 
o=— ee 
(c) 57 a 2a 
3mv 
ec à i 


17. A particle of mass m is projected with a velocity 
v making an angle of 45° with the horizontal. Magnitude 
of the angular momentum of the projectile about the 
point of projection when the particle is at its maximum 
height 


(a) zero (b) ds (c) S (d) my2gh’ 


18. Two particles, each of mass m and charge q, are 
attached to the two ends of a light rigid rod of length 
2R. The rod is rotated at constant angular speed about 
a perpendicular axis passing through its centre. The 
ratio of the magnitudes of the magnetic moment of 
the system and its angular momentum about the centre 
of the rod is 
(a) q/2m (Ы) q/m 


(c) 2g/m (d) д/лт 


19. Threesimple harmonic motions in the same direction 

having the same amplitude a and same period are 

superposed. If each differs in phase from the next by 

45°, then 

(a) the resultant amplitude is (1 + J2 Ja 

(b) the phase of the resultant motion relative to the 
first is 90° 

(c) the energy associated with the resulting motion is 
(3 + 2 V2 ) times the energy associated with any 
single motion 

(d) the resulting motion is not simple harmonic 


20. A wave is represented by the equation 

у= А ѕіп(10 + 15л/ + 7/3), where x is in meters and 

t is in seconds. The expression represents 

(a) a wave travelling in the positive x-direction with 
a velocity 1.5 m/s. 

(b) a wave travelling in the negative x-direction with 
a velocity 1.5 m/s. 

(c) a wave travelling in the negative x-direction having 
a wavelength 0.2 m. 

(d) a wave travelling in the positive x-direction having 
a wavelength 0.2 m. 
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21. Consider a simple rigid 
body consisting of two 
particles of mass m separated 
by a massless rod of length 
21. The midpoint of the rod 
is rigidly attached to a 
vertical axis which rotates 
at angular speed w. The rod 
is skewed at angle a, as 
shown in the sketch. Neglect 
gravity. Angular momentum Z.of the system 

(a) about z axis is 2т/20) 

(b) about z axis is 2m/’mcosa 

(c) L is constant (d) L is not constant 


cls e 
, 


а. ” 
ИРЕ БЕР, 


m. e fm 





Note: Question Numbers 22-30 are passage based 
questions. Read the passages carefully and answer 
the following Multiple Choice Questions based on 
each passage. Each questions has one or more than 
one correct answer/s. 


Passage 1: In the beginning, electricity and magnetism 
were entirely separate subjects. The one dealt with glass 
rods and cat's fur, pith balls, batteries, currents, 
electrolysis, and lightning; the other with bar magnets, 
iron filings, compass needles, and the North Pole. But 
in 1820 Oersted noticed that an electric current could 
deflect a magnetic compass needle. Soon afterward, 
Ampere correctly postulated that all magnetic phenomena 
are due to electric charges in motion. Then, in 1831, 
Faraday discovered that a moving magnet generates 
an electric current. By the time Maxwell and Lorentz 
put the finishing touches on the theory of electricity 
and magnetism were inextricably intertwined. They could 
no longer be regarded as separate subjects, but rather 
as two aspects of a single subject: electromagnetism. 
Faraday had speculated that light, too, is electrical in 
nature. Maxwell's theory provided spectacular 
justification for this hypothesis, and soon optics- the 
study of lenses, mirrors, prisms, interferences and 
diffraction was incorporated into electro-magnetism. 
Hertz, who presented the decisive experimental 
confirmation for Maxwell's theory in 1888, put it this 
way: "The connection between light and electricity is 
now established ...... In every flame, in every luminous 
particle, we see an electrical process ...... Thus, the 
domain of electricity extends over the whole of nature. 
It even affects ourselves intimately: we perceive that 
we possess an electrical organ-the eye." By 1900, then, 
three great branches of physics: electricity, magnetism 
and optics, had merged into a single unified theory. 
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(And it was soon apparent that visible light represents 
only a tiny "window" in the vast spectrum of 
electromagnetic radiation, from radio through 
microwaves, infrared and ultraviolet, to X-rays and 
gamma rays.) 


22. 


(a) 
(b) 


From passage we can conclude that 

we cannot treat electricity and magnetism separately 
we cannot treat optics and electromagnetism 
separately 

there is a single set of equations which can explain 
current electricity, magnetism and optics 
unification means single equation for all 
phenomenon 


(c) 
(d) 


23. (a) According to Ampere a single moving charge 
can produce magnetic field 
Maxwell's theory united electricity and optics 


Discovery of electromagnetic radiation y-rays, 


(b) 
(c) 


ultraviolet, visible, microwave etc. is unification | 


theory. 
Discoveries by Oersted and Faraday are different 
physical phenomenon. 


(d) 


Passage 2: A 
bubble chamber 
contains a liquid 
that is just at the 
point of boiling. 
Tiny bubbles 
form along the 
trail of a high- 
energy particle passing through the liquid. The paths 
revealed in a cloud or bubble chamber can be 
photographed to provide a permanent record ofthe event. 
Figure shows the bubble-chamber tracks resulting from 
an event that begins at point А. At this point a gamma 
ray,.which is emitted by certain radioactive substance 
and travels in from the left. 





24. Particles 1, 2, 3 are 

(a) proton, electron, proton 

(b) electron, proton, proton 

(c) electron (e^), positrion (e*), electron (ет!) 
(d) electron (e™!), positrion (e*), y-ray 


25. (a) tracks are spiral because of friction 

(b) track are spiral because of collisions 

(c) 3 has least velocity while 1, 2 have same velocity 
(d) 3 has maximum velocity 


Passage 3 : In its application to classical mechanics, 
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the principle of 
relativity is hardly i БЕ 


new; it was stated C : 
V 
wt чеш 


clearly by Galileo. БНО НЕ 
МСУ 


Question: does it also 

apply to the laws of 

electro-dynamics? At first glance the answer would seem 
to be no. After all, a charge in motion produces a magnetic 
field, whereas a charge at rest does not. A charge carried 
along by the train would generate a magnetic field, 
but semeone on the train, applying the laws of 
electrodynamics in that system, would predict no 
magnetic field. In fact, many of the equation of 
electrodynamics, starting with the Lorentz force law, 
make explicit reference to "the" velocity of the charge. 
It certainly appears, therefore, that electromagnetic theory 
presupposes the existence of a unique stationary reference 
frame, with respect to which all velocities are to be 
measured. 

And yet there is an extraordinary coincidence that gives 
us pause. Suppose we mount a wire loop on a freight 
car, and have the train pass between the poles of a giant 
niagnet. As the loop rides through the magnetic field, 
a motional emf is established; according to the flux 


Wire loop 






| rule e = -(dd/qr). 


This emf, remember, is due to the magnetic force on 
charges in the wire loop, which are moving along with 
the train. On the other hand, if someone on the train 
naively applied the laws of electrodynamics in that 
system, what would the prediction be? No magnetic force, 
because the loop is at rest. But as the magnet flies by, the 
magnetic field in the freight car will change, and a 
changing magnetic field induces an electric field, by 
Faraday's law. The resulting electric force would generate 
an emf in the loop given by equation e = —(dd/qr). 


| 26. Let person on train be 4 and on ground В. ` 





(a) A is wrong but B is right 

(b) A is right but B is wrong 

(c) both are wrong 

(d) they differ in interpretation but predictions are in 
agreement 


27. (a) Ais correct in his interpretation if he is moving 
in inertial frame. 

(b) B is correct in interpretation if he is stationary. 

(c) in order to interpret correctly 4 and B must know 
in which frame they are. 

(d) Interpretation tells us the frames in which they are. 


Passage 4 : Air molecules are in continuous chaotic 
motion. What is the chance that all the air molecules 


PHYSICS FOR YOU | :EZEMBER '05 








in a room could, for an instant, randomly-fly into the 
wastepaper basket in the corner of the room? Is such 
a thing possible? Is it probable? 

Perhaps surprisingly, the probability of this happening 
is far greater that the probability that all the air 
molecules in the room where you are sitting have the 
actual positions that they have right now. Although this 
may seem contrary to experience, we will prove it. 


Let the volume ofthe room be Vz and that of wastepaper | 


basket be И. What is the chance that all n molecules 
in the room will randomly end up in the wastepaper? 
For all n molecules the probability is (Ууз /Vg)". This 
is exceedingly small number since Уур /Ир << | and 
n is large. For a 0.3 -m? wastebasket and a 3000-m? 
room, the probability is (107*)", where и = 10% a very 
small number indeed. 


Can this 
possibility be 
larger than 


probability of 
specific 
distribution of 
molecules 
spread evenly 
throughout the 
room? Imagine the room divided into many small cells 
each equal to the smallest volume a molecule can be 
forced to occupy. This is an ill-defined number but for 
our purposes we will use the volume of a typical air 
molecule, roughly а cube 2 x 105! m on a side, or a 
volume of about 107? m. In our room of volume 3000 m3, 
there are № = 3000/1072? 23 x 103° cells. The probability 
that a single molecule is found in a specific cell is 1/N. 
The probability that all л molecules are in their specific 
cells at any instant is (1/N' = (1/3 x 10732)" = 10732 * DE 
or 1023 * 10° times the probability of all 10% molecules 
being found in the wastebasket. It is incomparably 
smaller. The difference is that in the second calculation 
the molecular positions were exactly specified whereas 
in the first one they could be anywhere in the wastebasket. 
Had we specified the positions in the first case also, the 
probabilities would have been the same. For the same 
reason all lottery numbers are equally good: 01 02 03 04 
05 06 is as likely as 23 18 07 12 37 15. 

The distinction here is between the microstate of the 
system and its macrostate. A microstate is specified 
by giving а complete atomic description of each particle. 
A macrostate is specified by giving the values of 


Boe 
HHH- 
Ее 
LLLI LI Те 

{— 





КВ 
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macroscopic quantities such as pressure, temperature 
and volume, without regard to what is happening at 
the atomic level. We did not know, or care about, the 
precise locations of the individual molecules. 

These two concepts are connected by the principle of 
equal probabilities: All possible microstates consistent 
with a given macrostate are equally likely. 


28. (а) 1* calculation is for macrostate and 2" for 
microstate. 

microstate corresponds to energy of atom or 
molecule. 

microstate corresponds to variables measured in 
lab. 

from the passage we conclude that macrostate can 
be achieved by probability distribution of atoms 
or molecules in microstates. 


(b) 
(с) 
(4) 


29. (a) For practical purposes pressure, volume etc. 

have a fixed value for given conditions. 

the probability that every molecule occupies a 

specific location is greater than probability that 

all molecules are in waste basket. 

(c) the probability that every molecule occupies a specific 
location is less than probability that all molecules 
are in waste basket. 

(d) If the volume of waste basket is doubled the 
probability of all the molecules are found in it is 
increased by a factor of 2!°. 


(b) 


30. 
(a) 


(b) 


In equilibrium state 

all the gas molecules are equally distributed in 
different microstates. 

most of the molecules are in most probable 
microstate. 

molecules are distributed in microstates as per 
temperature of each molecule. 

nothing can be said regarding distribution of 
molecules in microstates. 


(c) 
(d) 
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on 
New 
pattern 


(For O.NO. I to 40) Only one option is correct and there will be negative marking in these questions) 





(For Q.NO. 1 to 40) Only one option is correct and 
there will be negative marking in these questions. 
1. The force exerted by a compression device is given 
by F(x) = kx(x -I) for 0 <x <l, where /is the maximum 
possible compression, x is the compression and kis a 
constant. The work required to compress the device 
by a distance d will be maximum when 

(а) d = 1/4 (b) d= 1/42 

(c) d= I/2 (d) 4= 1 


2. lnacricket match, the bowler running at velocity 
| m/s throws a ball (0.5 kg) at speed of 25 m/s after 
performing necessary bowling actions from a height 
0.5 m from initial level in a time span of 1.5 seconds. 
The average power delivered to the ball by the bowler is 
(a) 317/3 W (b) 634/3 W 

(c) 635 W (d) 317.5 W 


3. A particle is moving with velocity v =i+3j and 
it produces an electric field at a point given by Е = 24 . 
It will produce magnetic field at that point equal to 
(all quantities are in S.I. units) 

6-2] 
(а) T (b) 


6i +2) 


(c) zero 
(d) cannot be determined from the given data. 


Ф 


A) 30° 


4. Figure shows a block kept on a 
rough inclined plane. The maximum 
external force down the incline for 
which the block remains at rest is 
2N while the maximum external force 
up the incline for which the block is at rest is 10 N. 
The coefficient of static friction и is 


(а) 5/2 (b) 1/46 
(с) 3 (d) 1/43 








5. Inthe figure shown, the 
minimum force F to be 
applied perpendicular to the 
incline so that the block does 
not slide is 
(a) 0 

(c) 120 N 





(b) 40 N 
(d) 200 N 


6. А particle is projected with a velocity и making 
an angle Ө with the horizontal. The instantaneous power 
of the gravitational force 

(a) varies linearly with time 

(b) is constant throughout 

(c) is negative for complete path 

(d) none of the above 


7. The energy that is dissipated during the braking 
process to stop a travelling car moving at 50 km/hr is 
n times that dissipated to stop the car when travelling 
at 100 km/hr. ņ is equal to 

(a) 1/8 (b) 1/4 

(c) less by a factor depending on the mass of the car 
(d) 1/2 


8. The direction of the field B at P is shown. 
y 4 


/ 
x 





The V shaped wire is in x-y plane. 
(a) along + x-axis (b) along + z-axis 
(c) along (—x)~axis (d) along + y-axis 


9. If the magnetic field at P can be written as Кїап(0/2) 
then K is [Refer to the figure of question no. 8] 


Contributed by Deptt. of Physics, Resonance, Kota (Rajasthan) 
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Mol Hof 
(а) атй xd 

Hol 2p! 
(c) zd (d) nS 
10. The direction of field 


B at a point P symmetric 
to P* with respect to the 
vertex, i.e., along the axis 
and the same distance d, 
but inside the V is along 
(a) positive z-axis 
(b) negative x-axis 
(c) negative z-axis 





(d) negative y-axis 


11. A magnetic dipole M = (Ai + B7) J/Wb is placed 
in magnetic field. B =(Cx’i + Dy! ј) Wb in XY plane 
at г = (Ei + Еј) m. Then force experienced by the bar 
magnet is 

(a) 2ACEi + 2BDF j (N) 
(b) 24CEi (N) 

(d) ACEi + BDF j(N) 


(c) 0 


12. Aninfinitely long wire 
carrying current / is along 
Y axis such that its one end 
is at point A (0, b) while the 
wire extends upto + oo. The 
magnitude of magnetic 
field strength at point (a, 0) 


of 


tna 


Hol 


b \ Б 
жое AN д Кыш Ae 
Ма b | (b) 4na\ m 








Haf b | 
4ra к/р? (d) none of these. 


(с) 


13. Two observers moving with different velocities see 

that a point charge produces same magnetic field at 

the same point A . Their relative velocity must be parallel 

to r where / is the position vector of point A with 

respect to point charge. This statement is 

(a) true (b) false 

(c) nothing can be said 

(d) true only if the charge is moving perpendicular to 
the r. 


14. Two infinitely long linear conductors are arranged 
perpendicular to each other and are in mutually 
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perpendicular planes as "mu 
shown in figure. If 7 22 A 
along the y-axis and 
L-73Aalong-vez-axis Р ‘ 
and AP = АВ = 1 cm. The 

value of magnetic field 

strength B at P is 

(а) (3x10% T)j (4x10? T)k z 

(b) (3x10* T)j+(4x10% T)k 

(c) (4x10* T)j - 3x10 T)& 

(d) (3x10? T)j - (4x10? Т) 


15. The components of a force acting on a particle are 
varying according to the graphs shown. When the particle 
moves from (0, 5, 12) to (4, 20, 0) then the work done 
by this force is 





Е. (in N) Е, (in N) 
20 
©. 5 
x (in m) y (in m) 
Е. (in N) 
20 
12 А 
тшт) 
16 
(а) 192] (b) 400/3 J 
(c) 0 (d) none of these 


16. In the figure the variation of components of 
acceleration of a particle of mass 1 kg is shown with 
respect to time. The initial velocity of the particle is 
й = (-3i 4j) m/s. The total work done by the resultant 
force on the particle in time interval from 7 = 0 to 


t = 4 seconds is 
a, (in m/s’) 


a, (in m/s*) 





t (in 5) 








(b) 10 J | 
(d) none of these 


(a) 22.5 J 
(c) 0 


17. The potential energy function associated with the 


force F - 4xyi *2x! j is 
(a) U = — 2xly (b) U = — 2x*y + constant 
(c) U = 2x?y + constant (d) not defined 


| attached to the two ends ofa light 


18. As shown іп the figure, M E 
is a man of mass 60 kg standing M «ay 
on a block of mass 40 kg kept — 
on ground. The coefficient of Е 
friction between the feet ofthe 77 77 | 
man and the block is 0.3 and that between B and the 
ground is 0.1. If the man accelerates with an acceleration | 
2 m/s? in the forward direction, then 

(a) it is not possible 

(b) B will move backwards with an acceleration 
0.5 m/s? | 
B will not move 

B will move forward with an acceleration 0.5 m/s?. 


(c) 
(d) 


] m/s. There is a magnetic field of 1 T perpendicular to 


| the plane of revolution of charge. The tension in string 


at that moment will be (Neglect gravity) 
(a 5 х 107 N (b) 15 x 107 N 
(c) 10% № (d) zero 


23. Two changes +q and -q are 


rod of length L, as shown in figure. 
The system is given a velocity v 
perpendicular to magnetic field 
B . The magnetic force on the 
system of charges and magnitude of force on one charge 
by the rod, are respectively 

(a) zero, zero (b) zero, qvB 

(c) 2qvB, 0 (d) 2qvB, qvB 





24. A neutral particle is at rest in a uniform magnetic 
field B. At т = 0, particle decays into two particles 


| each of mass m and one of them having charge д. Both 


of these move off in separate paths lying in plane 


| perpendicularto B.Atlatertime, the particles collide. 


19. In the figure the block A 
of mass m is place on the block 
B of mass 2m. B rests on the 
floor. The co-efficient of 
friction between 4 and B as 
well as that between the floor and P is jt. Both blocks 
are given the same initial velocity to the right. The | 
acceleration of 4 with respect to B is 





7777777777777777777777777 


| 25. A uniform magnetic field 





(a) zero (b) це to the left 
(c) Hg to the right (d) 1/2 ug to the left 


20. A heavy body of mass 25 kg is to be dragged along 
a horizontal plane (ц = 1/43 ). The least force required is 


| 
(a) 25 kgf (b) 2.5 kgf | 
(с) 12.5 kgf (d) 25/43. kgf. | 
21. Figure shows ап : 
equilateral triangle ИВС of la ® 
side / carrying currents. placed /N В 
in uniform magnetic field B. f X | 
The magnitude of magnetic iff \ | 
force on triangle is КА b? | 
(a) ilB rg T uj 
(b) 2118 ; 
(c) 3B (d) zero. 


22. A charge of magnitude 1 uC and mass 1 mg is 
attached to one end of a light string of length 2 m whose 
other end is fixed. The charge is given a velocity 


з 
5 


| region 


| (à V2G4+j+k) 


Then this time of collision is 


пт 2nm 
(à) ов (b 55 

Tum f A 
(c) 448 (d) they will never collide. 


B- (i +4j +k) exists in 
of space. A 
semicircular wire of radius 
] m carrying current 1 A 
having its centre at (2, 2, 0) 
is placed in x-y plane as shown in figure. The force on 
semicircular wire will be 





(b) J2(i- jk) 


(с) /2(@1+)-®) (d) J2 (-i  j - k) 


| 26. There exists a uniform magnetic and electric field 


of magnitude 1 T and 1 V/m respectively along positive 
y-axis. A charged particle of mass ! kg and of charge 
1 С is having velocity 1 m/sec along x-axis and is at 


| origin at ¢= 0. Then the co-ordinates of particle at 


time л seconds will be 
(a) (0, 1, 2) 
(c) (2, 27/2, 2) 


(b) (0, — 72/2, — 2) 
(d) (0. 17/2, 2) 


27. A uniform magnetic field of magnitude 1 T exists 
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in region y > 0 is along 
k direction as shown. A 
particle of charge 
1 C is projected from 
point (-48, —]) towards 
origin with speed 1 m/sec. 
If mass of particle is 1 kg, 





E, =й) 


then co-ordinates of centre of circle in which particle 
moves are 


(а) (1, J3) 
‘ee ee 
(c) р 7.7 


(b) (1, - 45) 
4» 1 
(дф 19° 2 


28. А uniform magnetic field exists іп region which 
forms an equilateral triangle of side a. The magnetic 
field is perpendicular to the plane of the triangle. A 
charge q enters into this magnetic field perpendicularly 


with speed v along perpendicular bisector of one side | 


and comes out along perpendicular bisector of other 
side. The magnetic induction in the triangle is 


(а) а OTga 

m ту 
(c) 2да (4) 4да 
29. Two long y 


conducting 
wires fixed at 
point (0, a) and 
(0, —a) carrying 
equal currents in 
+z direction. A 
positive charged 
particle is projected with velocity џи, from the point 





(a, 0) as shown in figure, the electric field at that point | 


so that particle will not experience any force there, is 
(space is gravity free) 


(a) LE along +z direction 
(b) я along — 2 direction 
(c) Лай along – z direction 
22ra 
ню, { 1 
——-—— along +z direction 
(d) 2V2na E 


30. Two large conducting current planes perpendicular 


10 


| to x-axis are placed 





at (d, 0) and (2d, 0) 

as shown in figure. 
Current per unit 
width in both the 
planes is same and 
currentis flowingin = 
the outward direction. The variation of magnetic 
induction as function of x (0 <x < 3d) is best represented 
by 








B 





(c) Be WE 
d 2d 3d 
X—— 





PASSAGE-1 : (Read the following passage and 
answer the questions numbered 31 to 35. They have 
only one correct option) 

Ram and Ali are two fast friends since childhood. Ali 
neglected studies and now has no means to earn money 
other than a camel whereas Ram becomes an engineer. 
Now both are working in the same factory. Ali uses 
camel to transport the load within the factory. 

Due to low salary and degradation in health of camel, 
Ali becomes worried and meet his friend Ram and 
discusses his problem. Ram collected some data and 
with some assumptions concluded the following. 





(i) Theload used in each trip is 1000 kg and has friction 
coefficient р, = 0.1 and u, = 0.2. 

(ii) Mass of camel is 500 kg. 

(iii) Load is accelerated for first 50 m with constant 
acceleration, then it is pulled at a constant speed 
of 5 m/s for 2 km and at last stopped with constant 
retardation in 50 m. 
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(iv) From biological data, the rate of consumption 
of energy of camel can be expressed as 
P=18 x 107 V+ 104 J/s where P is the power and 
V is the velocity of the camel. 

After calculations on different issues Ram suggested 

proper food, speed of camel etc. to his friend. For the 

welfare ofAli, Ram wrote a letter to the management 
to increase his salary. 

(Assuming that the camel exerts a horizontal force 

on the load) : 


31. Sign of work done by the camel on the load during 
parts of motion : accelerated motion, uniform motion 
and retarted motion respectively are 

(a) +ve, +ve, +ve (b) +ve, +ve, -ve 

(c) +ve, zero, —ve (d) +ve, zero, +ve 


32. The ratio of magnitude of work done by camel on 
the load during accelerated motion to retarded motion is 
(a) 3:5 (b) 2.2: 1 

(c) 1:1 (d) 5:3 


33. Maximum power transmitted by the camel to load 
is 

(a) 6250 J/s (b) 5000 J/s 

(c) 105 J/s (d) 1250 J/s 


34. The ratio ofthe energy consumed ofthe camel during 
uniform motion for the two cases when it moves with 
speed 5 m/s to the case when it moves with 10 m/s 

(a) 19/20 (b) 19/10 

(c) 10/19 (d) 20/19. 


35. The total energy consumed of the camel during 
the trip of 2100 m is 

(a) 2.1 x 109 J (b) 4.22 x 107 J 

(c) 2.22 x 104 J (d) 4.22 x 10$ J 


PASSAGE-2 : (Read the following passage and 
answer the questions numbered 36 to 40. They have 
only one correct option) 

Components of loudspeaker : A loudspeaker consists 
of permanent magnets, basket, voice coil, flexible 
suspension ring and rigid speaker cone as shown in figure. 


paper 


basket cone 


magnets 








amplifier 
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Loudspeaker principle : A light-voice coil is mounted 
so that it can move freety inside the magnetic field of 
a strong permanent magnet. The paper cone is attached 
to the voice coil and attached with a flexible mounting 
to the outer ring of the speaker support. Because there 
is a definite equilibrium position for the speaker cone 
and there is elasticity of the mounting structure, there 
is inevitably a free cone resonant frequency like that 
of a mass on a spring. The frequency can be determined 
by adjusting the mass and stiffness of the cone and 
voice coil. 


paper cone attached to coil 
moves air to produce sound 
when voice coil is vibrated 
A by AC current 
current away З interacting with 
magnetic field. „/ 


current toward 
viewer 


from viewer ~ 





force on coil 


Working : Тһе radio drives a rapidly changing current 
through the coil. The current follows the vibrations of 
speech and the electromagnetic force follows the current 
changes, pushing the paper cone. Finally the air in front 
of the loudspeaker is set into vibration following the 
cone's motion, and sound waves are transmitted to the 
listener. 


36. The principle of loudspeaker is 

(a) itconverts mechanical energy into electrical energy 

(b) permanent magnet exerts force on the coil 

(c) the voice coil carrying current experiences torque 
due to which cone rotates and sound is produced. 

(d) paper cone attached to coil moves air to produce 
sound when the voice coil is vibrated by an AC 
current interacting with magnetic field. 


37. A voice coil in a Ay 
loudspeaker has 40 turns 

of wire and loop-diameter 

1 cm and the current in B 
the coil is 1 A. Assume o 60; 
that the magnetic field at 

each of the wire of the.coil 

has constant magnitude 

0.2 T and is directed at an 

angle 60° from the normal : 

to the plane ofthe coil as shown in figure. The magnitude 
and direction of magnetic force on the coil is 


x 
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(a) 4n x 10-2 N, +y (b) 4x x 102 №, — y 
(c) 443 x x 102 №, + y (d) 443.x x 102 №, --у 


38. With reference to the figure of Q.37 when the current 
in the coil is given by /= / соѕ (20007?) where t is in 
seconds, the coil will experience magnetic force in 
the positive y-direction in the time intervals of : [Take 
the initial direction of current shown in figure to be 
positive] 

(a) 0 to 5 x 10% sec 
(c) 0 to 2.5 x 107^ sec 
(d) 2.5 x 107^ to 7.5 x 10-4 sec 


(b) 2.5x 10-410 5 x 10% sec 


39. If the diameter of the cylindrical magnet, number 
of turns of the coil and cross section area of the wire 
of the coil are all doubled, then the magnetic force on 
the coil assuming the same potential difference, is 
(assume that value of magnetic field also gets doubied.) 
(a) same (b) doubled 

(c) becomes 8 times (d) becomes four times 


40. If the voice coil is wound loosely and there is an 
approachable gap between two consecutive turns; when 
the current is passed through coil 

(a) it tries to contract. 

(b) it tries to expand. 

(c) current has no effect on coil. 

(d) coil will get contracted without current due to fixed 

magnets in loudspeaker. 


One or more than one options may be correct (For 
Q.No. 41 to 55): 


41. In the figure, a block rests on the top of a smooth 
fixed hemispherical tube of radius R in which it can 
just fit. Two springs are connected to the base as shown. 
The block is given a small jerk so that it can slide on 
the hemisphere. The F-X (F is magnitude of force and 
X is compression) graph for the springs is given below. 
Which of the following may be possible? 








spring 1 spring 2 


(a) The block will compress both springs by same 
amount. 

The block will compress the springs during its to 
and fro motion about its original position by different 


amounts. 


(b) 


| (c) The block will perform to and fro motion along 








the hemispherical surface about the original position. 
(d) The block can never come to the original position. 


42. A particle of charge q and 
mass m enters normally (at 
point P) in a region of 
magnetic field with speed v. 
It comes out normally from 
Q after time 7 as shown in 
figure. The magnetic field В 
is present only in the region 
of radius R and is uniform. Initial and final velocities 
are along radial direction and they are perpendicular 
to each other. For this to happen, which ofthe following 





| expression(s) is/are correct? 


mv тв 
В === ЧЕ 
(а) qR (b) T э 
_ тт 
(с) T ~ 2qB (d) none of these. 


43. There are two massless springs A and B of spring 
constant k, and k, respectively and k} > К„. If W, and 
W, be denoted as work done on А and work done on 
B respectively, then 

(a) if they are compressed to same distance, WW, > W, 
(b) if they are compressed by same force (upto 
equilibrium state) W, < W, 

if they are compressed by same distance, И, = W, 
if they are compressed by same force (upto 
equilibrium state) И, > W, 


(c) 
(d) 


44. A space has magnetic 
field in which the lines of Ap —- 
induction are as shown in a b „Жом 
the figure. 

(a) The magnetic induction 

at B is greater than the 
magnetic induction at C. 
An electron placed at B experiences a larger force 
at B than that at C. 

An electron shot with a velocity towards D, 
perpendicular to the lines of induction at В in the 
plane of the figure will emerge from its opposite 
corner. 

An electron shot with a velocity along the line 48C 
will continue to be moving in the same direction. 


(b) 


(c) 


(d) 


45. Which ofthe following statements is/are incorrect? 
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(a) No net force acts on a rectangular coil carrying a 
steady current when suspended freely in a uniform 
magnetic field. 

(b) A charged particle enters a region of uniform 
magnetic field at an angle of 85° to the magnetic 
lines of forces. The path of the particle is a circle. 

(c) When a body is free to slide down a rough inclined 
plane at a constant velocity, the direction of the 
total force exerted by the plane on the body is 
vertical. 

(d) When a body is at instantaneous rest, it must be 
in equilibrium. 


46. Column X gives four physical quantities. Select 
the appropriate units for these from the options given 
in column Y. For some of the physical quantities, there 
may be more than one correct choice. 

X Y 
(i) Permittivity А. (joule)! (amp)? 

В. (farad)! (amp)? (ohm? 

(ii) Magnetic C. (joule)! (metre)? (amp)! 

permeability D. (coul? (metre)? (newton)! 





(iii) Magnetic E. (coul)! (newton)! (sec)! (metre)! 
induction F. (henry)! (volt)? (ohm)? 

(iv) Energy С. (coul)! (newton)!(joule)"! (metre)! 

(a) () -D (b) (i) - A 

(c) (iii) - С, E (d) (iv) - B, F 

47. Two charged xX XXX XX Xx 
; X xxx X ххх 

particles M and N enter aE nn omia in 

a space of uniform ххххххх 

magnetic field, with x X. KIR x 

velocities perpendicular е X 4 е Ж 

. " N 
to the magnetic field. $ FEF 


The paths are as shown 
in the figure. The possible reasons for different paths 
may be 

(a) the charge of M is greater than that of N 

(b) the momentum of M is greater than that of N 
(c) specific charge of M is greater than that of N 
(d) the speed of M is less than that of N. 


2m 2: ms 


| зок ГЕ] soie 


48. Two 30 kg 
blocks rest on a 
massless belt 
which passes 
over a fixed 
pulley and is 
attached to a 
40 kg block. If 
coefficient of 


40kg ia | 
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friction between the belt and the table as well as between 
the belt and the blocks B and C is н and the system is 
released from rest from the position shown, the speed 
with-which the block B falls off the belt is 

(b) V2 msifu = 0.2 

(d) 2.5 m/s if p = 0.5 


(a) 242 m/s if и = 0.2 
(c) 2 т/ѕ ір = 0.5 


49. In the figure 
shown, initially the 
spring of negligible 
mass is in underformed 
state and the block has 
zero velocity Е is a uniform electric field. Then 








(a) the maximum speed of the block will be QE 
XmK 

З 20Е 

(b) the maximum speed of the block will be Tnk 


OE 
(c) the maximum compression ofthe spring will be a 


(d) the maximum compression of the spring will 
20Е 
K 
50. Which of the following quantities is/are frame 
dependent? 
(a) magnetic field due to current carrying wire 
(b) work done by a force on a particle 
(c) potential energy (d) kinetic energy 


5i. A block A (5 kg) rests over another block B (3 kg) 
placed over a smooth horizontal surface. There is friction 
between 4 and B. A horizontal force F, gradually 
increasing from zero to a maximum is applied to 4 so 
that the blocks move together without relative motion. 
Instead of this another horizontal force F,, gradually 
increasing from zero to a maximum is applied to B so 
that the blocks move together without relative motion. 
Then 





be 





—>| » 





(a) F, (max) = F, (max) 
(b) F, (max) > F, (max) 
(c) F, (max) < F, (max) 
(d). F, (max): F, (max) = 5: 3 


52. Which ofthe following is/are conservative force(s)? 


(py ЖУТ 


r 


(a) Fz2rPr 


3(yi + x) 
372 


(х? + у?) 


3(xi + y) 


(х2 + yy? (d) К 


(с) F= 


53. In the figure the variation of potential energy of 

a particle of mass m = 2 kg is represented w.r.t. its 

x-coordinate. The particle moves under the effect of 

this conservative force along the x-axis. Which of the 

following statements is/are correct about the particle? 
U (in J) 





X (in m) 





(a) Ifitis released at the origin it will move in negative 
x-axis. 

If it is released at x = 2 + A where A — 0 then its 
maximum speed will be 5 m/s and it will perform | 
oscillatory motion. | 
If initially x = — 10 and я = J6i then it will cross | 
x = 10. 
х=—5 апа х = + 5 are unstable equilibrium positions | 
of the particle. 


(b) 


(c) 


(d) 


54. From a cylinder of radius R, a 
cylinder of radius R/2 is removed, as 
shown. Current flowing in the remaining 
cylinder is 7. Magnetic field strength is 
(a) zero at point 4 
(b) zero at point B 


pol 





Ts ; 
—— at point А 
(с) 3nR р 
byl es | 
d) = . at point B 
(d) 3aR p 
55. Acharged particle is X Xx 
kept at rest оп а smooth 8% vos 
horizontal surface in 
: Р х х х 
uniform mangetic field 
x ж x 


B which is directed 
downwards as shown in the figure. An observer is moving | 
with constant velocity v towards right. Then with respect | 
to the observer which of the 

following statements is/are correct ? 

(a) path of the charged particle will be straight line 
(b) path of charged particle will be circular 
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| | Schedule of sale of prospectus-cum-application forms: 








(c) magnetic force on the charged particle is zero 
(d) magnitude of magnetic force on charged particle 
is qVB. 
ANSWERS | 

1. (d) 2. (a) 3. (a) 4. (a) 5. (d) 
6. (a) 7. (b) 8. (b) 9. (b) 10. (c) 
11. (a) 12. (b) 13. (a) 14. (b) 15. (a) 
16. (b) 17. (b) 18. (b) 19. (a) 20. (c) 

. (a) 22. (d), 23. (b) 24. (a) 25. (b) 
26. (d) 27. (c) 28. (b) 29. (b) 30. (d) 
31. (a) 32. (d) 33. (a) 34. (d) 35. (b) 
36. (d) 37. (d) 38. (d) 39. (d) 40. (a) 
41. (b, c) 42. (a, b, c) 43. (a, b) 
44. (a, d) 45. (b, d) 46. (a, d) 47. (a, c, d) 
48. (a, c) 49. (a, d) 50. (b, c, d) 

. (b, d) 52. (a, b, c) 53. (a, b, c) 
54. (c, d) 55. (a, d) 


Note : For detailed solutions please log on to our 
website www .resonance.ac.in 
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1. The time constant is given by 
(a) L/R (b) R/L 
(c) LR (d) ILR. 


2. Which colour shows ;naximim deviation when 


passed through a prism? 
(a) white 
(c) violet 


(b) red 
(d) green. 


3. A person standing in front ofa mirror finds his image 
larger than himself. This implies that the mirror is 
(a) concave (b) convex 

(c) plane (d) none of these. 


4. The equivalent , 
resistance between 4 
and B in the given 
circuit is 
(a) 10 Q 
(b) 20 Q 
(c) 30 Q 
(d) 40 Q. 





5. А galvanometer can be converted into voltmeter by | 


a 

(a) 
(b) 
(c) 
(d) 


low resistance in series 
high resistance in parallel 
low resistance in series 
high resistance in series. 


6. The dimension of Planck's constant is equal to 
(a) work (b) force 
(c) angular momentum (d) linear momentum. 


7. Acar is moving along a straight horizontal road 
with a speed of 72 km/hr. If the coefficient of static 
friction between road and tyres is 0.5, the shortest 
distance in which the car can be stopped is 

(a) 40 m (b) 80m 

(c) 90 m (d) 180 m. 

8. A ball of mass m elastically collides with a wall 
with velocity v, then change in momentum is equal to 
(a) 2m (b) 2mv 

(c) -2nmv (d) 2v. 
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| 9. Which of the following statement is correct for PN- 
| junctions? 


(a) in depletion layer immovable ions exist 

(b) the current in the reverse biased condition is 
generally very small 

(c) PN-junction diode is reverse. biased then barrier 
potential increases 


(d) all of these. 


10. If a spring is divided into и equal parts then k of 
one spring becomes 


n 





СЕ. (b) | п+1) 
k A ee 
(c) n (d) mE 


11. Intensity of sound wave depends оп 

(a) frequency as well as amplitude 

(b) frequency only (c) amplitude only 
(d) number of overtone. 


12. If a charge q, and q, in e.s.u. kept at a distance 
r cm apart the potential energy of the system is 


Kaq Кад, 
(а) “2% (» 26 
E ГА 
Кд, Ка 
3r ү? 


13. If half-life of a substance is 4 days then amount of 
substance left after 2 days is 
42-1 

Lb 
4231 

J2 
14. A 20 kg body requires 75 N to start the motion. If 
60 N force is required to continue the motion then the 
coefficient of kinetic friction is 
(a) 0.42 (b) 0.53 
(c) 0.31 (d) 0.25 








(a) 5 


N 





(P 2 (d) 


15. For a capacitor to hold maximum charge it must 
have 





* Based on memorv 
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(a) large radius 
(c) solid sphere 


(b) hollow sphere 
(d) small radius. 


16. When a gas expands adiabatically 

(a) no energy is required for expansion 

(b) energy is required and it comes from the wall of 
the container of the gas 

(c) internal energy of the gas is used in doing work 

(d) law of conservation of energy does not hold. 


17. Earth radius can be measured by 

(a) orbiting the satellite around the earth at two different 
positions 

(b) by the measurement of centre of gravity 

(c) by the value of g 

(d) by Cavendish value G, centre of gravity, the value 
of g. 


18. A geostationary satellite has an orbital period of 


(a) 2 hr (b) 12 hr 

(c) 6 hr (d) 24 hr. 

19. The radius of the Bohr orbit depends on 
(a) l/n (b) n 

(c) 1/n? (d) m. 


20. Ifthe distance between the plates ofa parallel plate 
condenser is halved and the dielectric is doubled, then 
its capacity will 

(a) remain the same 

(c) increases by 2 times 
(d) increase by 16 times. 


(b) increases by 4 times 


21. Resonance is a special case of 
(a) damped vibration (b) natural vibration 
(c) un-damped vibration (d) forced vibration. 


22. First law of thermodynamics states that 
(a) system can do work 

(b) system has pressure 

(c) system has temperature 

(d) heat is a form of energy. 


23. A thermoelectric refrigerator works on 
(a) Seebeck effect (b) Peltier effect 
(c) Joule effect (d) photoelectric effect. 


24. The bread gives a boy 5000 cals. How much height 
he can climb by using this energy of his efficiency is 
28%. (mass of the body = 40 kg). 

(a) 5m (b) 15m 

(c) 10m (4) 22x 5m. 
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| (a) fission reaction 





25. The energy produced in the sun is due to 
(b) fusion reaction 
(c) motion of electrons and ions 

(d) chemical reaction. 


26. If the luminous-efficiency of a lamp is 
2 lumen/watt and its luminous intensity is 
42 candela, then the power of the lamp is 

(a) 62 watt (b) 138 watt 

(c) 76 watt (d) 264 watt. 


27. An ideal gas at 27?C is compressed adiabatically 
from 27 unit volume to 8 unit volume. If 
ү = 5/3, then the rise of temperature is 

(a) 145°C (b) 370°C 

(c) 225°C (d) 402°C. 


28. The period of revolution of a certain planet in an 
orbit of radius А is 7. Its period of revolution in an orbit 
of radius 4А will be 
(a) T 

(c) /2Т 


29. If a cycle wheel of radius 4 т completes one 
revolution in two seconds then acceleration of the cycle 
is 

(a) 4 m/s? 
(c) т? m/s? 


(b) Jar 
(d) 87 


(b) 21? m/s? 
(d) 4T? m/s?. 


30. A force of 50 dynes is acted on a body of mass 
5g which is at rest for an interval of 3 sec, then impulse 


| is 


(a) 0.16 x 10? N-s 
(c) 0.98 x 107 N-s 


(b) 1.5 x 10? N-s 
(d) 2.5 x 10? N-s 


31. When a source is going away from a stationary 
Observer with the velocity equal to that of sound in air, 
then the frequency heard by observer will be 

(a) same (b) double 

(c) half (d). one third. 


32. For the stability of any nucleus 

(a) binding energy per nucleon will be more 
(b) binding energy per nucleon will be less 
(c) number of electrons will be more 

(d) none of these. 


33. If the critical angle for total internal reflection from 
а medium to vacuum is 30°, the velocity of light in the 
medium is 

(a) 3 x 108 m/s 
(c) 6 x 103 m/s 


(b) 3x10? m/s 
(d) 1.5 x 108 m/s. 
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34. A light of wavelength 4000 A is allowed to fall on | 
a metal surface having work function 2 eV. The maximum | 
velocity of the emitted electron is | 
(a) 1.35 x 105 m/s (b) 6.2 x 105 m/s | 
(c) 2.7 x 10° m/s (d) 8.1 x 10? m/s. | 


35. Ifa half wave rectifier is used to convert 50 Hz a.c. | 
into d.c then the number of pulses present in rectified 
voltage is 
(a) 25. 
(c) 100 


(b) 50 
(d) 75. 


36. In the circuit 1 
shown in figure at 

resonance R 
(a) the power factor 

is zero 

the current 

through the a.c. 

source is minimum 

the current through the a.c. source is maximum 
currents through / and А are equal. 


(b) 





| 
37. | 
does not change? 


When light travels from air to water which parameter | 


(a) wavelength (b) frequency 

(c) velocity (d) all of these. 

38. The difference between soft and hard X-rays is of | 
(a) velocity (b) intensity | 
(c) frequency (d) polarization. | 
39. If v,, v, and v, are the speeds of microwave, 


X-rays and gamma rays respectively in vacuum then | 
(a) Vy > Vy a Ym (b) 


Ye < Vy € Y, | 
(c) v,» v € v, (d) У, = v, =N 


40. A material is placed in a magnetic field and it is | 
thrown out of it. Then the material is 

(a) paramagnetic (b) diamagnetic 
(c) ferromagnetic (d) non-magnetic. 


41. Two long parallel wires carry equal currents / in 
the same direction . The length of each wire is / and the 
distance between them is a. Force acting on each wire 
is | 





Holl? Holl 
(a) 2ra (5) 21a 

T WIE | 
(e) 4ла? (a) 4ла? 
42. At 10 Q electric heater supplies on a 110 У line. | 
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Calculate the rate at which it develops heat in watts. 
(a) 670 (b) 810 
(c) 1210 (d) 1310. 


| 43. A wave is represented by x = 0.4 сув = z) where 


x and y are in metres and ¢ in seconds. The speed of the 


wave is 
(a) 0.5 m/s (b) 8 m/s 
(c) 16 m/s (d) 6 m/s. 


44. If a body is released into a tunnel dug along the 
diameter of the earth of radius Ro, it executes the simple 


| harmonic motion with time period 


In. 
(a) T «2m |® 
\g 





LES 
(b) PE = 
(с) 7=2л | = 


(4) 
\ 2р 


| 45. 540 g of ice аг 0°С is mixed with 540 g of water 


at 80°C. The final temperature of the mixture in °C will 


| be 


(a) 40°C (b) 79.9°C 
| (c) 0°C (d) 80°С. 
| 46. Work done by ће р 

system in closed | $ 
path ABCA i 
| (a) zero 

(b) (5 - f ei A 

(с) (7, = V) (Pi - P3) 





(4) (Р, +В - И) 


| 47. At which the following temperatures the value of 
| surface tension of water is minimum? 
| (a) 4°C 


(b) 25°C 


(c) 50°С (d) 75°C. 


48. On increasing the temperature of a substance its 
colour become 
(a) red 

(c) green 


(b) yellow 
(d) white. 


49. A nucleus „X " emits one © and one В particle. The 


| resulting nucleus is 


(a) aX -4 
(c) equ m 


(b) Nou rs 
(d) n- V 
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50. The relation between amplification factor (u), plate 
resistance (r,,) and mutual conductance (g,,) of a triode 
valve is given by 

(а) W= Py X Sm (b) rj = рхо 

(с) 8m = UX Try (4) none of these. 


SOLUTIONS 


1. (a): As L/R is time constant of RL circuit, so its 
dimensions are [M°L°T]. 
2. (c): Deviation 8 =" — 1)A 
For violet colour u is maximum. Therefore 6 is maximum 
for violet colour. 
3. (a): The size of the image is more than the size of 
object, so the mirror is concave. 
4. (a): It is balanced Wheatstone bridge because 
P 9: 1 R 3Q | 
-—-- an =—=-. 
Q 10 1 S 10 1 
Therefore resistance between C and D is ineffective so 
total resistance between A and B 
(10+10)10+10) 20x20 - 
— (10+10)+(10+10) 20420 
5. (d): To convert galvanometer into a voltmeter we 
connect a high resistance in series of galvanometer. 








6. (c): Dimensions of Planck's constant (^) 
2т2 
p- L1. [MUT]. 
[d [T] 
Angular momentum, [LZ] = [Л] [w] 
= [ML?] [T] = [ML?2T 7}. 
Hence dimension of Planck’s constant is equal to angular 
momentum. 


[MLT] 


7. (a): Opposing force on a car is the force of friction, 
F= ug. 





шта _ 
m 
=0.5x10=5 m/s’. 
72x1000 
u = 72 km/hr = Erm A m/s. 
у= 0, а = —5 т/52. 
By third equation of motion, v? = w + 245 
0 = (20)? + 25) (s) 
or, s = (20)2/10 = 40 m. 
Hence, the shortest distance in which the car can be 
stopped is 40 m. 


F 
Reatardation, a — PR ug 


8. (b): Since the collision is elastic, so the ball returns 
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with velocity v. 

Change in momentum = mv – (—mv) = 2mv. 
9. (d) 
10. (c) : When a spring constant k is cut into л equal * 
parts, then spring constant of each part is nk. 
11. (a) : Intensity of sound (7) ~ (amplitude). 
Also, / е (frequency) 
Hence, intensity of sound depends both amplitide as 
well as frequency. 
12. (a) : Potential energy of the system 


1 99%, qd, 
———— K EE = 
dns, ғ a where К = 1/41€,. 


13. (a) : № = N«(1/2)" 
where n = number of half lives = £/T 


FUN р. e M qug 
М КӨЛ T4 ОГА Y2 


es | 


Hence the amount of susbtance left after two days is 
1/42. 
14. (с) : Force of friction = force required to keep the 
body moving constant speed, ie, F = 60 N. 
F 60 
=—=-——— —031 
R 20x98 
15. (a) : Capacity (C) = 47е, 
Capacity of a spherical capacitor depends on the radius. 
Hence, capacitor of larger sphere hold maximum charge. 


H 


16. (с) : According to 1* law of thermodynamics 
dO = dU + dW 
For adiabatic expansion, dO = 0 
dU = dw. 
17. (c) : Earth radius can be measured by the value 
of g. 


GM, 
$7-—52 , where M, = mass of earth 


R, — radius of earth, G — gravitational constant. 


18. (d) : A geostationary satellite resolves around the 
earth from west to east with the same angular velocity 
as the earth. Its period of revolution is one day i.e. 24 
hours. 


19. (d) : Radius оЁл" Bohr orbit is r, œ №2. 


20. (b) : Capacity of a condenser, NCC 


C œ= (Kid) 
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Therefore, &-(& am "s or, Qe 4 
C, 14 A2K, ) 4 C, 
Hence capacity will increase by 4 times. 
21. (а): Resonance is a special case of forced vibration. 
22. (d) : According to first law of thermodynamics heat 
is a form of energy. 
23. (b) : Thermoelectric refrigerator is based on the 
Peltier effect. 
24. (b) : Energy received by a boy from bread 

= 5000 cals = 5000 x 4.2 = 21 x 10? J. 


According to law of conservation of energy 
9 


8 
meh - ——x21x10? 
ET T00 


_ 28x21x10 
~ 100x9.8x 40 


25. (b) : In the sun, energy is produced due to fusion 
reaction. 
26. (d) : Luminous flux (0) = 417 
where / — luminous intensity 
ф = 4n x 52 = 527.5 lumen 
luminous flux 
Since luminous efficiency = power 


527.5 
Power of the lamp = ——— = 263.7 = 264 watt. 
< 


27. (d) : For adiabatic compression гў ' ‘= constant. 
Given : 7, = 27°С = 300 К 
V, = 27 unit; V, = 8 unit 
y= 5/3. 
А му! 


= 2 L| FX 
TR TUE or, љт) 


» 7, =300 2) =300{2)=675 K 


or, Ta = 675 — 273 = 402°C. 
28. (d) : Time period of revolution of a planet in an 
orbit is 7. 
According to Kepler’s third law, 
Т R 


(1 «(&) or, 7, - f, a) 
"OU XM) ^ В 
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3/2 
or, Т = "(m or, Т, = 87. 
К 


29. (d) : Angular velocity, о = 27/7 
Q := ru п rad/sec. 
T 
Centripetal acceleration = or = n?r = 4n? m/s?. 
30. (b) : Force, F = 50 dynes = 50 x 10° N 
= 5 х 10 М 
Impulse = force х time 
Impulse = 5 х 10^x 3 = 15 x 10% 
= 1.5 x 103 N-s. 
31. (c) : The frequency heard by the observer 
, пу 1 
n= =—n. 
vty 2 
32. (a): For the stability of the nucleus it should have 
high binding energy per nucleon. 





А 1 
33. (d) : sinC 2—-— 
и 


у = csinC = 3 х 10° х sin30? = 1.5 x 108 m/s. 


he 
34. (b) mv? = Ие) 


1 
2 
_ 6.6x107* x3x10* 
4000x107? x 1.6x 107? 
= 1.1 eV = 1.76 x 107? J. 


—2=3.1-2 


7 2x1.76x107* 
9.1x 10^! 

or, v 762 x 105 m/s. 

35. (b) : 50 Hz a.c. has 100 pulses/sec. In half wave 


rectifier negative pulses are missing. Therefore, rectified 
voltage has 50 pulses/sec. 


= 0.387 x10" 


36. (c) : In the circuit shown L and C are in series. 
Therefore, it is a series resonance circuit. Hence current 
through a.c. source is maximum. 


| 37. (b) : In going from air to water frequency remains 


the same. 


38. (c) : The X-rays having large wavelength and low 
frequency are soft X-rays whereas X-rays having small 
wavelength and high frequency аге hard 
X-rays, so difference is of frequency. 


39. (d) : Microwaves, gamma rays and X-rays are 
electromagnetic waves. In vacuum, these waves travel 
with the same speed. 
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i.e. velocity of light (3 x 108 m/s). | of 2 units. A f particle has negligible mass and carries 

Vg = Vin = У. | unit negative charge with the emission of one a and 
40. (b) : Diamagnetic material is repelled by the | one В particle, decrease in mass number 4 and decrease 
in charge number = 2 — 1 = I. 


magnetic field therefore when a diamagnetic material | 
The resulting nucleus is , . ,Z" ^ *. 


is placed in a magnetic field it is thrown out of it. 

















: i i AL, AV, AV, 
41. (a) : Force acting on зн wire; EU) t ERE, len г, = 
paetahi Wel! 1 Be | is dE ES 
4л a 4r a 21 a AV, AV, Aly 
yc ЛИ A, AY с BC 
42. (c) : Heat developed per second = R AST 
m 
= 1210 watt 
f y П 
43. (c) : Given equation : x= Acn 8-7 Available 
Compare the given equation with standard equation BOUND VOLUMES 
/ ^ | : : 
x= acosl Dd of your Favourite Magazines 
^8 | Mathematics Today 
MEERN с кр Qn | Chemistry Today 
i ee а | Physics For You 
А a — : 
Speed of the wave, у = vA | Biology Today 
v ==-x4n=16 m/s. | | Volumes of the following years are available : 
2n 
| | MathematicsToday : 2004 
44, (a): т=з f. | 
£ | ChemistryToday : 2004 
45. (c) : Heat required to melt 540 g of ice at0°C — | 
= 540 x 80 = 43200 cals. | | PhysicsForYou : 2004 
Heat lost by water in cooling from 80°C to 0°C IM E сааса аа Баас аа ара 
= 540 х 80 = 43200 cals Biology Today : 2004, 2003 & 2001 


Since both are equal, therefore, final temperature of | 
mixture will become 0°C. 


46. (b) : Work done by the system = area of A4BC | 


: — V,—V, 
s lanx ac XS 75001779 i 
2 2 Price of each volume : Rs.170 

47. (d) : Surface tension of water decreases with increase Add Rs.25 (for each volume) for postage . 
1 о 1 i 
in temperature, therefore at 75°C surface tension of water | | How to order : Send money by demand агаћ/топеу order. 
IS minimum. | | Demand Draft should be drawn in favour of MTG Learning 
48. (a) : At 900°C, the colour of hot body is red. W apg Уна. 
At 1200°C, the colour of hot body is yellow. Mention the volume you require along with your name and 
At 1300*C, the colour of hot body i | |} осш 

PX € colour of hot body е | | Mail your order to : Circulation Manager, 
At 1600?C, the colour of hot body is white. MTG Learning Media (P) Ltd., 406, Taj Aptt.. Ring Road. 


Final colour = white. ; | Near Safdarjung Hospital, New Delhi - 29. Tel.:26197344 


49. (d) : An alpha particle has mass of 4 units and charge LSU Legis os 
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1. When two bodies move uniformly towards each 
other the distance between them decreases by 8 m/s. If 
both bodies move in the same direction with different 
speeds the distance between them increases by 2 m/s. 
The speeds of the two bodies will be 

(a) 4 m/s and 3 m/s (b) 4 m/s and 2 m/s 

(c) 5 m/s and 3 m/s (d) 7 m/s and 3 m/s. 


2. Figure shows the 

displacement (x)-time (7) 

graph of a particle moving 

on the A-axis. Then 

(a). the particle is at rest 

(b) the particle is / 
continuously going 
along X-direction 

(c) the velocity of the particle increases upto time to 
and then becomes constant 

(d) the particle moves at a constant velocity up to a 
time г, and then stops. 


displacement (x) 
~ 





time (7) 


3. The resultant of two vectors (4 + B) and (4 — B) is 
a force 4542 + B?. The angle between two given forces 
is 

(a) л/4 (b) 1/3 


(c) л/2 (d) m. 


4. A particle of mass m moving with a velocity v make 
head on elastic collision with another particle of same 
mass and initially at rest. The velocity of first particle 
after collision is 

(a) v (b) — 


(c) tv (d) 0. 


5. А player caught a cricket ball of mass 150 grams, 
which was moving with a velocity of 20 m/s. If the 
catching process is completed in 0.1 second, the blow 
exerted bv the ball on the hands of the player is 

(а) 100 М (b) 30N (е) 20N (d) 15 №. 


6. А body of mass 2 kg rests on a rough inclined plane 
making an angle 30° with the horizontal. The coefficient 
of static friction between the block and the plane is 0.7. 
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| (c) W(sin8 — uicos0) 
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The frictional force on the block is 
(a) 9.8 N (b) 0.7 x 9.8 x J3N 
(с) 9.8x 3 N (d) 0.7 x 9.8 N. 


7. А body of weight W is kept on a rough inclined 
plane having an angle of inclination with horizontal. 6 
and friction coefficient u. Force required to pull the 
body downwards is 
(a) W(ucos8 + sin0) (b) И#(исо$Ө — sin0) 
(d) H'(pcos0 + 2sin8). 


8. Theposition ofcentre of mass ofa system of particles 
does not depend upon 

(a) masses of particles (Б) forces on particles 

(c) position of the particles 

(d) relative distance between the particles. 


9. A body is moving along a circular path with constant 
speed. If the direction of rotation is reversed and the 
speed is doubled, then 

(a) direction of centripetal acceleration remains 

unchanged 

(b) direction of centripetal acceleration is reversed 
(c) magnitude of centripetal acceleration is doubled 
(d) magnitude of centripetal acceleration is halved. 


10. A curved road of diameter 1.8 km is banked so that 
no friction is required at a speed of 30 m/s. What is the 
banking angle? 

(a) 6? (b) 16? 


(c) 26? (d) 0.6°. 


11. Rotational analogue of force in linear motion is 
(a) weight (b) angular momentum 
(c) moment of inertia ^ (d) torque. 


12. The mass of an electron is 9 x 10?! kg. It revolves 
around the nucleus of an atom in a circular orbit of 
4.0 À with aspeed of 6 x 109 m/s. The angular momentum 
of electron is 

(a) 2.16 x 107? kgm?/s 
(c) 3 x 107? kgm?/s 


(b) 2 x 10?5 kgm"/s 
(d) 3 x 107? kgm*/s. 





13. A body is under the action of two equal and opposite | 


forces, each of 3 N. The body is displaced by 2 m. The 
work done is 
(a) +6 J 

(c) 0 


(b) -6J 
(d) none of these. 


14. A 12 HP motor has to be operated 8 hours/day. 
How much will it cost at the rate of 50 paise/kWh in 


] day? 
(a) Rs. 350/- (b) Rs. 358/- 
(c) Rs. 375/- (d) Rs. 397/- 


15. A rope ladder with a length / carrying a man with 
a mass #7 at its end is attached to the basket of a balloon 
with a mass M. The entire system is in equilibrium in 
air. As the man climbs up the ladder into the balloon, 
the balloon descends by a height ^. Then the potential 
energy of the man 

(a) increases by mg(2/ — А) 

(b) increases by mgh (c) increases by mgl 

(d) increases by mg(i — А). 


16. If earth suddenly shrinks by one third of its present 
radius, the acceleration due to gravity will be 


3 4 9 
(a) 38 — (b) 78 (€) 58 (d) 7E 
17. Two spheres of equal radius r are touching each 
other. The force of attraction between them is proportional 
to 
(a) 7° (C) r^ 


(b) r* (d) r^. 


18. Two pieces of wire 4 and B of the same material 
have their lengths in the ratio 1 : 2 and their diameters 
are in the ratio 2 : 1. If they are stretched by the same 
force, their elongations will be-in the ratio 

(a) 2:1] (6) 1:4 (c) 1:8 (d) 8:1. 


19. A body floats with one third of its volume outside 
water and 3/4 of its volume outside another liquid. The 
density of the other liquid is 

(a) 9/4 g/c.c. (b) 4/2 g/c.c. 

(c) 8/3 g/c.c. (d) 3/8 g/c.c. 


20. Two cylinders A and B float on water. It is observed 
that 4 floats with 2/3" of its volume immersed and B 
floats with half of its volume immersed. The ratio of 
densities of 4 and B is 
(a 4:3 (b) 3:1 


(6).43:5.2 (d) 3 : 4. 


21. Two spheres are made of same metal and have same 
mass. One is solid and the other is hollow. When heated 
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to the same temperature, percentage increase in diameter 
will be 

(a) more for hollow sphere 

(b) less for hollow sphere 

(c) same for both (d) cannot say. 


22. The coefficient of linear expansion of a crystal in 
one direction is о, and that in every direction 
perpendicular to it is a. The coefficient of cubical 
expansion is 
(а) Зо; 

(c) о + 205 


(b) 3a, 
(d) 20; + a. 


23. In a pressure cooker, cooking is faster because the 
increase of vapour pressure 

(a) increases specific heat 

(b) decreases specific heat 

(c) decreases boiling point 

(d) increases the boiling point. 


24. An ideal gas 4 and a real gas B have their volumes 
increased from V to 2V under isothermal conditions. 
The increase in internal energy 

(a) of A will be more than В 

(b) of A will be less than B 

(c) will be same in both cases 

(d) will be zero in both cases. 


25. When the door of a refrigerator in a room is kept 
open, the temperature of the room 

(a) decreases (b) increases 

(c) remains constant (d) cannot say. 


26. Water falls from a height of 500 m. What is the rise 
in temperature of water at the bottom if whole energy 
is used up in heating water? 

(a) 0.96°C (b) 1.02°C 

(c) 1.16°C (d) 0.23?C. 


27. The kinetic energy of one mole of an ideal gas is 
Е = 3/2 RT. Then Cp will be 


(a) O.SR (b) OIR (c) 1.58 (d) 2.5R. 


28. During the melting of a slab of ice at 273 K at 
atmospheric pressure, 

(a) positive work is done by the ice water system on 
the atmosphere 

positive work is done on the ice water system by 
the atmosphere 

internal energy of ice water system remain constant 
internal energy of ice water system decreases. 


(b) 


(c) 
(d) 
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29. Heat given to a body which raises its temperature 
by 1°C is 

(a) water equivalent 
(c) thermal capacity 


(b) specific heat 
(d) temperature gradient. 


30. A black body has maximum wavelength А„ at 

2000 K. Its corresponding wavelength at 3000 K will be 
16, 81, 

(c) gl Am (d) 16 Am 


3 254 
(a) ^w (b) afm 


31. A cylindrical rod is having temperature 7 and 7, 
at its ends. The rate of flow of heat is O, cal/sec. If all 
the linear dimensions are doubled keeping temperatures 
constant, then the rate of flow of heat О, will be 

(a) 40, (b) 20, (с) 0/4 (d) 02. 


32. Two spheres made of same material have radii in 
the ratio 1 : 2. Both are at same.temperature. Ratio of 
heat radiation energy emitted per second by them is 
(а) TE (by. 4 (c) 1:8 (d) 1: 16. 


33. Consider a compound slab consisting of two different 
materials having equal thickness and thermal 
conductivities K and 2K respectively. The equivalent 
thermal conductivity of the slab is 

236 СЕ 
(a) z^. (D V2K (0) 3K (d) zK 
34. At absolute zero 
(a) all substances exist in solid form 
(b) molecular motion ceases 
(c) water becomes ice. (d) none of these. 


35. Ofthe following, the equation of plane progressive 
wave is 
(a) y-rsinot 


(b) »-rsin(gor — x) 


a 


(c) TS ESPECIE, (d) у= "sinat ~ ix) 


36. When a sound wave goes from one medium to 
another, the quantity that remains unchanged is 

(a) frequency (b) amplitude 

(c) wavelength (d) speed. 


37. A plane wave of sound travelling in air is incident 
upon a plane water surface. The angle of incidence is 
30°. If the velocity of sound in water is 1400 m/s, and 
the velocity of sound in air is 330 m/s, there will be 
(a) reflection only (b) refraction only 

(c) both reflection and refraction 

(d) neither reflection nor refraction. 


PHYSICS FOR YOU І JANUARY '06 








38. Ifthe intensities of two interfering waves be /, and 
h, the contrast between maximum and minimum intensity 
is maximum, when 
(a) 4221 

(с) hah 


(b) д< <р 
(d) either / or J, is zero. 


39. A number of tuning forks are arranged in order of 
increasing frequency and any two successive forks 
produce 4 beats per sec, when sounded together. If the 
last tuning fork has a frequency octave higher than that 
of the first fork is 256 Hz, then the number of tuning 
forks is 
(a) 63 (b) 64 


(c) 65 (d) 66. 


40. Two waves of length 100 cm and 101 cm produce 
10 beats in 3 sec. The speed of sound is approximately 
(a) 1010 m/s (b) 355 m/s 

(c) 336.67 m/s (d) 33.67 m/s. 


41. The velocities of sound at the same temperature in 
two monoatomic gases of densities p, and p» are v; and 
v, respectively. If р/р, = 4, then the value of v/v, is 
(a) 1/4 (b) 2 (c) 1/2 (d) 4. 


42. The displacement of a wave travelling in x-direction 
is given by y = 107 ѕіп(600; — 2x + 1/3) where x and 
y are in metre and ¢ is in second.. The speed of wave 
motion in 1157! is 

(a) 300 (b) 600 


(c) 1200 (d) 200. 


43. Quality of sound depends upon 
(a) frequency (b) amplitude 
(c) overtones (d) none of these. 


44. Aparticle undergoes simple harmonic motion having 


| time period T. The time taken in 3/8" oscillation is 


3 5 5 7 

2T ze TA 
т (b) z (0 57 (d i. 
45. The graph between the length and the (time period)? 
of a simple pendulum is 
(a) straight line 


(c) parabola 


(b) circle 
(d) hyperbola. 


46. A simple pendulum of length / has been set up inside 
a railway wagon sliding down a frictionless inclined 
plane having an angle of inclination 0 = 30? with the 
horizontal. What will be its period of oscillation as 
recorded by an observer inside the wagon? 


2b. рї 
Du aces b) 2r |4- 
Ы" y x 


л 
л 





[Г ЕТ] 
(c) 2x — (d) 2r |= 
yg 122 


47. A large horizontal surface moves ир and down іп 
simple harmonic motion with an amplitude of 1 cm. If 
a mass of 1 kg (which is placed on the surface) is to 
remain continuously in contact with it, the maximum 
frequency of simple harmonic motion will be 

(а) 5Hz (b) 0.5 Hz (c) 1.5 Hz (d) 10 Hz. 


48. For a particle executing simple harmonic motion 
which of the following statements is not correct? 

(a) Total energy ofthe particle always remains the same. 
(b) Restoring force is always directed towards a fixed 
point. 

Restoring force is maximum at the extreme positions. 
Acceleration of the particle is maximum at the 
equilibrium position. 


(c) 
(d) 


49. Two spheres А and В of exactly same mass are given 


equal positive and negative charges respectively. Their | 


masses after charging 
(a) remains unaffected 
(b) mass of 4 > mass of B 
(c) mass of 4 « mass of B 
(d) nothing can be said. 
50. Figure shows 
the electric lines of 
force emerging 
from .a charged 
body. Ifthe electric 
field at./ and B are 
E, and Ex 
respectively and if the displacement between 4 and B 
is r. then 


(a) Ey > Ej (b) E, < Ex 

(c) E, = Evlr (d) Ey = Ey/r*. 

51. Study. figure H 

shown and find out | ШЕ | uF 
the equivalent 


capacitance of the 
network between D 
and В. 

(a) 5 uF 

(b) 3 uF 

(c) 2 UF 

(d) 1 HF. 


] uk 
D 
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(c) 56.2596 


| 
| 





| circuit? 


52. Two copper spheres of same radii one hollow and 
other solid are charged to the same potential then 


| (a) both will hold same charge 
| (b) solid will hold more charge 


(c) hollow will hold more charge 
(d) hollow can not be charged. 


53. A capacitor of capacitance 1/300 uF is connected 


| toa battery of 300 V and charged. Then the energy 


stored in the condenser is 
(а) 3x 107 J 
(с) 1.5 х 107 J 


(b) 6 x 107 J 
(d) 12 x 1055 J. 


54. A wire 1 m long has a resistance of 1 Q. If it is 
uniformly stretched, so that its length increases by 25%. 
then its resistance will increase by 

(a) 2596 (b) 5096 

(d) 77.3396. 


55. The resistance of a metal conductor increases with 

temperature due to 

(a) change in current carriers 

(b) change in the dimensions of the conductor 

(c) increase in the number of collisions among the current 
carriers 

(d) increase in the rate of collisions between the current 
carriers and the vibrating atoms of the conductor. 


56. What 
will be the 
resistance 
between P 
and О in the 
following 


20 





(a) (1/3) © (b) (2/3) Q (c) 2Q (d) 59. 


57. To get the maximum current from a parallel 
combination ofn identical cells each of internal resistance 
r in an external resistance R, when 

(а) К>>к (b R<<r 

(c) R=r (d) none of these. 


| 58. Two electric bulbs, one 200 volt-60 watt and the 
| other of 200 volt-200 watt are connected in series of a 


Ae 
[uF > | 
aN t 
1 EXE | 


200 volt line, then 

(a) the potential drop across the two bulbs is the same 
(b) the potential drop across the 60 watt bulb is greater 
than the potential drop across the 200 watt bulb 
the potential drop acrosss the 200 watt bulb is greater 
than the 60 watt bulb 

the potential drop across both the bulbs is 200 volts. 


(c) 
(d) 
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59. Inversion temperature of a thermocouple is that 
temperature of hot junction at which the e.m.f is 

(a) maximum (b) minimum 

(c) zero (d) none of these. 


60. Which ofthe following thermocouple produces the 
maximum thermo e.m.f. for the same temperature 
difference between hot and cold junctions? 

(a) copper-bismuth (b) antimony-bismuth 

(c) iron-nickel (d) copper-iron. 


61. When a straight conductor is carrying an electric 
current 

(a) there are circular magnetic lines of force around it 
(b) there are no magnetic lines of force near it 

(c) there are magnetic lines of force parallel to conductor 
along the direction of current 

there are magnetic lines of force parallel to conductor 
opposite to the direction of current. 


62. The wire loop PORS I 
formed by joining two semi 
circular wires of radii R, and 
R, carries a current / as shown. 
The magnitude of magnetic 


(d) 





О PIO 
induction at the centre C is Ras 
H/I R 1 | ef l | 
өе (R R (ру EUR TE 
1 1 | 1) 
(b deo) © lx 


63. A circular loop of area 0.02 m? carrying a current 
of 10 A, is held with its plane perpendicular to a magnetic 
field induction 0.2 T. The torque acting in the loop is 
(a) 0.01 Nm (b) 0.001 Nm 

(c) zero (d) 0.8 Nm. 


64. Two parallel long wires A and B carry currents /, 
and / (< /,). When /, and /, are in the same direction, 
the magnetic field at a point mid way between the wires 
is 10 uT. If /, is reversed, the field becomes 30 uT. The 
ratio /,//, is 
(a) 1 (b) 2 


(c) 3 (d) 4. 


65. The deflection in moving coil galvanometer is 
reduced to half, when it is shunted with a 40 © coil. 
The resistance of the galvanometer is 


(a) 600 (b) 109 (с) 40Q (d) 20 Q. 


66. In a shunted ammeter, only 1096 of current passes 
through the galvanometer of resistance С. The resistance 
of the shunt is 
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| (a) 


(a) 9G (b) 10G (c) G/9 (d) G/10. 


67. The magnetic field at the centre of current / carrying 

loop of radius r is 

Hor Ho nf 
2r (b) 27 г 

68. A magnet is broken into three pieces in length. The 

strength of the new pole is the strength of 

the poles of original magnet. 





(c) (d) orl. 


pond 
» 


(a) the same as (b) one half 
(c) double (d) one third. 
| 69. Two identical thin bar үү 


magnets each of length / and pole 
strength m are placed at right 
angles to each other, with north / 
pole of one touching south pole 


of the other, then the magnetic 5 
moment of the system is N, I S, 
(а) Iml (Ы) 2m (с) (ті (d) тї2. 


70. Two short magnets of equal magnetic moments are 


| placed on a piece of cork which floats on water. The 


magnets are so placed that the axis of one produced bisects 
the axis of the other at right angles. Then the cork 

(a) moves bodily only — (b) rotates only 

(c) has neither rotational nor translational motion 
(d) has rotational as well as translational motion. 


| 71. A ferromagnetic material is heated above its Curie 





1 


temperature. Which опе is correct statement? 

(a) ferromagnetic domains are perfectly arranged 

(b) ferromagnetic domains become random 

(c) ferromagnetic domains are not influenced 

(d) ferromagnetic material changes into diamagnetic 
substances. 


72. Most of the substances show which of the magnetic 
property? 

(a) diamagnetism 
(c) ferromagnetism 


(b) paramagnetism 
(d) none of these. 


73. A material is placed in a magnetic field and it is 
thrown out of it. Then the material is 

(a) paramagnetic (b) diamagnetic 

(c) ferromagnetic (d) non-magnetic. 


74. A bar magnet of magnetic moment M is kept in a 
uniform magnetic field of strength B, making angle 0 
with its direction. The torque acting on it is 

(a) MB (b) MBcos0 

(c) МВ(1 — cos0) (d) MBsinO. 


ч 


C1 





75. Magnetic flux $ in weber in a closed circuit of | 
resistance 10 Q varies with time / (sec) as $7 62 — 5t 1. 
The magnitude of induced current at ¢ = 0.25 is 

(a 02А (Б 06А (с) 12А (d) 0.8 A. 


76. Alternating voltage V = 400sin(500mn/) is applied | 
across a resistance of 0.2 КО. The r.m.s. value of current 
will be equal to 


(a) 14.14 A (b) 1.414 A 
(c) 0.1414 A (d) 2.0 A. 
77. What changes on polarisation of light ? . 


(a) frequency (b) wavelength 
(c) phase (d) intensity. 
78. А concave mirror of focal length f produces an image | 


ntimes the size of object. If image is real, then distance | 
of object from mirror is 
-1 
(b) (2 y 


(а) (n= Df M 


mad 


(o (Shr (d (n+ Df. 


79. A convex mirror is used to form an image of a real 
object. Choose the wrong statement. | 
(a) the image lies between the pole and the focus 
(b) the image is diminished in size 

(c) the image is erect (d) the image is real. 


80. If an object is 30 cm away from a concave mirror 
of focal length 15 cm, the image will be 

(a) erect (b) virtual 

(c) diminished (d) of same size. 


81. A fish 10 cm long is 4 cm under the water level. Its 
length when viewed vertically above will be 
(a) 10 ст (b) 3 cm (c) 7.5 cm (d) 8cm. | 


82. A ray of light passes from vacuum into a medium 
of refractive index 1, the angle of incidence is found to 
be twice the angle of refraction. Then the angle of | 
incidence is 
(a) cos" (u/2) 
(c) 2sin (и) 


83. The astronomical telescope consists of objective 
and eye-piece. The focal length of the objective is | 
(a) equal to that of the eye piece | 
(b) greater than that of eye piece 
(c) shorter than that of eye piece 
(d) five times shorter than that of the eye piece. 


(b) 2cos™'(u/2) 
(d) 2sin-'(u/2). 





| (a) concave mirror 


|i (a) 1:2 


| (a) 
| (b) 
| (c) 
| (d) 


| 92. 


(b) dispersion and focussing 
(c) refraction and scattering 
(d) dispersion and total internal reflection. 


85. Why sun has elliptical shape when it rises and sets? 
It is due to 

(a) refraction 
(c) scattering 


(b) reflection 
(d) dispersion. 


86. The image formed by an objective of a compound 
microscope is 

(a) virtual and diminished 

(b) real and diminished 


(c) real and enlarged (d) virtual and enlarged. 


87. In which of the following case. man will not see 


| image greater than himself? 


(b) convex mirror 


(c) plane and concave (4) none of these. 


| 88. A photographer changes the aperture of his camera 


so that the new diameter of the aperture is twice the 
initial one. The ratio of new exposure time to the initial 
one is 

(Б) 2,56] 


(с) 1:4 (d) 4:1. 


| 89. The ratio of specific charge of ionic deuterium to 


that of proton will be 
(a) 4:1 (b) 2:1 (c) 1:4 (d) 1:2. 


90. The energy of a photon in electron volt, whose 
wavelength is 6600 A is (A = 6.6 x 107** Js) 

(a) 0.1875 eV (b) 1.875 eV 

(c) 18.75 eV (d) 198 eV. 


91. A photocell with a constant potential difference of 
V volt across it is illuminated by a point source from a 
distance of 25 cm. When the source is moved to a distance 
of 1 m, the electrons emitted by the photocell 

carry |/4'^ their previous energy 

are 1/16" as numerous as before 

are 1/4" as numerous as before 

carry 1/4" their pervious momentum. 


The work function for tungsten and sodium are 
4.5 eV and 2.3 eV respectively. If the threshold wavelength 
À for sodium is 5460 A, the value of À for tungsten is 
(a) 528 À (b) 2791 A 

(c) 5893 À (d) 10683 À. 


| 93. The wavelength of characteristic X-rays depends 
| upon 


| (a) temperature of target (b) size of target 


84. Rainbow is formed due to a combination of 
(a) refraction and absorption | 
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(c) atomic number of target 


| (d) mass of target. 
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94. -What determined the hardness of the X-rays obtained 
from the Coolidge tube? 

(a) current in the filament 

(b) pressure of air in the tube 

(c) nature of target 

(d) potential difference between cathode and target. 


95. Light of certain wavelength and intensity ejects 
photoelectrons from a metal plate. Then this beam is 
replaced by another beam of smaller wavelength and 
smaller intensity. As a result 

(a) no change occurs 

(b) emission of photoelectrons stops 

(c) kinetic energy of photoelectrons decreases by the 
strength of the photoelectric current increase 
kinetic energy of photoelectrons increases but the 
strength of the photoelectric current decreases. 


= 


(d) 


96. What is used to convert alternating current into a 
direct current? 
(a) choke coil 
(c) diode valve 


(b) transformer 
(d) triode valve. 


97. The value of plate resistance of a triode is 3 x 10? Q 
and its mutual conductance factor is 1.5 millimho, then 
its amplification factor will be 

(a) 2 x 106 (b) 45 

(c) 4.5 (d) 4 x 105. 


98. A silicon specimen is made into a p-type 


semiconductor by doping, on an average. one indium | 


atom per 5 x 10? silicon atoms. If the number density 
of atoms in the silicon specimen is 5 x 1078. atoms/m?, 
then the number of acceptor atoms in silicon per cubic 
centimeter will be 

(а) 2.5 x 1030 atoms/cm? 

(b) 2.5 x 10% atoms/cm? 





| (a) infinity 


(c) 1.0 x 10"? atoms/cm? 
(d) 1.0 x 105 atoms/cn. 


99. In a good conductor, the energy gap between the 
conduction band and the valence band is 
(b) wide 


(c) narrow (d) zero. 


100. On increasing the reverse voltage in a p-n junction 
diode the value of reverse current will 

(a) gradually increase (b) suddenly increase 

(c) remain constant (d) gradually decrease. 
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(For Q.NO. 1 to 40) Only one option is correct and 
there will be negative marking in these questions. 
1. A certain gas is 
taken to the five states 
represented by dots in 
the graph. The plotted 
lines are isotherms. 
Order of the most 
probable speed v, ofthe 
molecules at these five 
states is 

(a) "p at3 2 Vp ati 7 Эр at 2 > Vp at4 7 Ур at 5 

(b) Up at] 2 Vp at27 раз 23 Vp at 4 = Vp at 5 

(c) Vp at 3 2 Vp a27 Vp at 4 > Vp at 1 = Vp at 5 

(d) insufficient information to predict the result. 





2. On an X temperature scale, water freezes at 
—125.0?X and boils at 375.0°X. On a Y temperature 
scale, water freezes at —70.0?Y and boils at —30.0? Y. 
The value of temperature on X-scale equal to the 
temperature of 50.0?Y on Y-scale is 


(a) 455.0°Х (b) —125.0°X 
(c) 1375.0?X (d) 1500.0?X. 
3. A uniform, 
constant magnetic 


field B is directed at 
an angle of 45° to the 
x-axis in the xy-plane, 
PORS is a rigid square 
wire frame carrying a 
steady current /,, with 
its centre at the origin 
О. At time 7 = 0, the 
frame is at rest in the position shown in figure, with its 
sides parallel to the x and y-axes. Each side of the frame 
is of mass M and length L. The torque t about O acting 
on the frame due to the magnetic field will be 




















ALD 5 . В a 
a) t= 5 (i+j) (b T= Js (i-a) 
Во . BLL - 
(c) T= Ta (i+ /) (d) t= Б -i- j) 


4. The coefficient of viscosity т of a liquid is defined 
as the tangential force on a layer in that liquid per unit 
area per unit velocity gradient across it. Then a sphere 
of radius a moving through it under a constant force 
F attains a constant velocity v given by (where K isa 
numerical constant) 


QE 

(a) KFam (b) ip 
(с) X (d) Kn 
am F 


5. When force F is applied to the 
combination of two springs (shown 
in figure), the elongation in upper 
spring will be (the whole system is 
inside a lift is moving upwards with 
a constant acceleration a). The upper 
spring is ideal while the lower spring 
has mass M. Assume that the 
deformation of the springs are constant. 





M(g+a) 
(a) M(g +a) 

k, +k, 

F+M k+k 
(b) [F + ce Lt A) 

13 

F+M(gta F+ Mg + Ma 

(с) ( (в +а)) (4) g | 
k+k, k, 

6. A D.C. supply of x 10 ко 
120 V is connected to a 
large resistance X. A 
voltmeter of resistance p—— — d 
10 КО placed in series in - 120 V & 
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the circuit reads 4 V. This is an unusual use of voltmeter 
for measuring very high resistance. The value of X is 
(a) 390 kQ (b) 290 kQ 
(c) 190 kQ (d) 300 КО. 


7. Select the correct characteristics of the. image of 
a real object formed by a lens of focal length / from 
the choices given below? E 













Nature of lens and 
position 


Characteristic pf the 
image observed’, 










(i) Lens is converging |(A) virtual, erect, \ 
and 2f away from diminished 
the object \ 

(ii) Lens is converging |(В) virtual, erect, , magnified 
and between f and \ 
2f from the object \ 

(iii)Lens is diverging 
and distant f from 
the object 

(iv) Lens is converging |(D) real, inverted, magnified 
and less than f from 
the object 


(C) real, inverted, 
diminished 


(E) real, inverted, same size. 


(b) (iii) - B 
(d) (iv) - A. 





(a) (ii) - C 
(c) (i) - E 


8. Anidealgasundergoes р 

an expansion from a state 

with temperature 7, and 

volume V, to V, through 

three different polytropic 

processes 4, B and C as 

shown in the P-V diagram. 

If |AE,|, Ан and |AE,| be the magnitude of changes 

in internal energy along the three paths respectively, 

then 

(a) |AE,| <|AE;| <|A£;.| iftemperature in every process 
decreases 

(b) |AE,| = [ДЕ = |AEc] if temperature in every process 
decreases 

(с) ІАЕ, € |AEj| < |AEc! if temperature in every process 
increases 

(d) |AE,| <|AE,| € |AEc] if temperature in every process 
increases. 





V, Ё, 


9. Each resistor in the following 
circuit has a resistance of 2 MQ 
and the capacitors have 
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| produced by the wire 





capacitances of 1 uF. The battery voltage is 3 V. The 
voltage across the resistor А in the following circuit at 
steady state is 

(a) OV (b 0.5 У (с) 075 V (d) L5 V. 


10. One end of a light rod of length 1 m is 
attached with a string of length 1 m. Other 
end of the rod is attached at point O such 
that rod can move in a vertical circle. Other 
end of the string is attached with a block 
of mass 2 kg. The minimum velocity that 
must be given to the block in horizontal direction so 
that it can complete the vertical circle is (g = 10 m/s?). 


(a) 4/5 (b) 5/5 
(c) 10 (d) 345. 





11. In a vertical plane 
inside a smooth hollow thin 
tube a block of same mass 
as that of tube is released 
as shown in figure. When 
it is slightly disturbed it 
moves towards right. By the time the block reaches the 
right end of the tube then the displacement of the tube 
will be (where R is mean radius of tube). Assume that 
the tube remains in vertical plane. 
(a) 2R/n (ЫЬ) AR/m (c) R/2 


12. Let B, and By be 
the magnetic field 





(d) R. 


P and Q which are 
placed symmetrically 
in a rectangular loop 
ABCD as shown in ` 
figure. Current in wire Р is / directed inward and іп О 
is 2/ directed outwards. If 





|8, 2j, tesla meter, fa, : dl = —2y, tesla meter, 
A 

and fB, -d] =—p, tesla meter, the value of / will be 
(a) 8A (b) 4A 

(c) 5A (d) 6 A. 


13. A ray of light is incident on a face of equilateral 
triangle at an incident angle 50°. At this angle minimum 
deviation occurs. This deviation is 

(a) 30° (b) 40° 

(c) 50° (d) 20°. 








14. The voltage time (V - f) graph for triangular wave 
having peak value V, is as shown in figure. 





T/4 is 


v r, 
(b) = 








(d). none of these. 


15. In the above question the average value of voltage 
(V) in one time period will be 


A ne? 

(a) J5 (b) 2 
p 

(c) P (d) zero. 


16. An uncharged parallel plate capacitor is connected 
to a battery. The electric field between the plates is 
10 V/m. Now a dielectric of dielectric constant 2 is 
inserted between the plates filling the entire space. The 
electric field between the plates now is 

(a) 5 V/m (b) 20 V/m 

(c) 10 V/m (d) none of these. 


17. An infinite long 
plate has surface charge 
density с as shown in 
the figure. A point charge 


ai 





q is moved from A to B. B (x,, 0) A (x, 0) 
Network done by electric ! 
field is : 
oq s 
(a) 22 (x, - х) 
2€, 
Sg ic S iis. — 
(b) ji, ху) (с) = (x xi) 


(d) ST oer e p) 


18. A graph of the x-component of the electric field 
as a function of x in a region of space is shown. The 
y and = components of the electric field are zero in 


8 








this region. Ifthe electric potential is 10 V atthe origin, 
then potential at x = 2.0 m is 
20- "erre reet 





E. (N/C) x(m) 


20- i | E ice suse d COE 
(a) 10 V (b) 40 V 
(c) - IO V (d) 30 V. 


19. A steady current is passing through a linear conductor 
of non-uniform cross-section. The net quantity of charge 
crossing any cross-section per second is 

(a) directly proportional to the area of cross-section 
(b) inversely proportional to the area of cross-section 
(c) independent of the area of cross-section 

(d) directly proportional to the length of the conductor. 


20. When an uncharged parallel plate capacitor is 

connected to a source of constant potential difference, 

which of the following is incorrect? 

(a) all the charge drawn from the source is stored in 
the capacitor 

(b) all the energy drawn from the source is stored in 
the capacitor 

(c) the potential difference across the capacitor grows 
rapidly initially and this rate decreases to zero 
eventually 

(d) only half of the energy drawn from the source is 
dissipated outside the capacitor. 


21. In a photoelectric effect, electrons are emitted 

(a) with a maximum velocity proportional to the 
frequency of the incident radiation 

(b) ata rate that is independent of the intensity of the 
incident radiation 

(c) only if the frequency of the incident radiation is 
above a certain threshold value 

(d) only if the temperature of the emitter is high. 


22. Which one of the following combinations of 
radioactive decay results in the formation of an isotope 
of the original nucleus? (assume that beta means f) 
(a) one alpha and four beta 
(b) one alpha and two beta 
(c) one alpha and one beta 
(d) two alpha and one beta. 
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23. A uniform rod of mass m and length / is rotating 
with constant angular velocity о about an axis which 
passes through its one end and perpendicular to the 
length of rod. The area of cross-section of the rod is 
A and its Young's modulus is Y. Neglect gravity. The 
strain at the mid point of the rod is 








mol 3mo/l 
а) AY (b) Say 
(e) 3mo?l (d) mol 

4AY 4AY 


24. A solid spherical black body of radius r and uniform 
mass distribution is in free space. It emits power P 
and its rate of cooling is R, then 

(a) RP œ r7 (b) RPer 

(c) RP ос 1/7? (d) RP e l/r. 


25. A black body emits radiation at the rate P when 
its temperature is T. At this temperature the wavelength 
at which the radiation has maximum intensity is Ao. If 
at another temperature T” the power radiated is P’ and 
wavelength at maximum intensity is A,/2 then 

(а) P^T' 232PT (b) P T’ = 16PT 

(с) P 7’ = 8PT (d) P'T' = АРТ. 


26. The emissive power of a black body at 7— 300 K 
is 100 watt/m?. Consider a body B of area 4 = 10 m? 
coefficient of reflectivity r = 0.3 and coefficient of 
transmission / = 0.5. Its temperature is 300 К. Then 
which of the following is incorrect? 

(a) the emissive power of B is 20 W/m? 

(b) the emissive power of B is 200 W/m? 

(c) the power emitted by B is 200 watts 

(d) the emissivity of B is 0.2. 


27. In the figure shown, A is 
a fixed charged. B (of mass 
m) is given by a velocity v 
perpendicular to line AB. At — (........ e EMIT B 
this moment the radius of *q 
curvature of the resultant path of B is 
(a) 0 (b) «e (infinity) 
Ang, r mv! 


(c) q 


(d) r. 


28. Two cars 4 and B are travelling towards each other 


on a single-lane road at 24 m/s and 21 m/s respectively. | 


They notice èach other when 180 m apart and apply 
brakes simultaneously. They just succeed in avoiding 


10 





| arrangement 


collision, both stopping simultaneously at the same 
position. Assuming constant retardation for each car, 
the distance travelled by car 4 while slowing down is 
(a) 96 m (b) 84 m 

(c) 67m (d) 113 m. 


29. The system starts 
from rest and А attains a 
velocity of 5 m/s after it 
has moved 5 m towards 
right. Assuming the 
to be 
frictionless everywhere and pulley and strings to be 
light, the value of the force F applied on 4 is 

(a) 50 N (b) 75 N 

(c) 100 N (d) 96 N. 





30. When beats are produced by two progressive waves 
of nearly the same frequency, which one ofthe following 
is correct? 

(a) the particles vibrate simple harmonically, with the 
frequency equal to the difference in the component 
frequencies 

the amplitude of vibration at any point changes 
simple harmonically with a frequency equal to the 
difference in the frequencies of the two waves 
the frequency of beats depends upon the position, 
where the observer is 

the frequency of beats changes as the time 
progresses. 


(b) 


(c) 


(d) 


31. The displacement vs time graph for two waves 4 
and B which travel along the same string as shown in 
the figure. Their intensity ratio 74/7, is 

Y A 








8 9 1011 12 





(b) 1 


^ 
3 
ә 


81 
(с) % (4) 


32. Two loudspeakers Lı, Lə driven by a common 
oscillator and amplifier, are set up as shown in the 
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figure. As the 
frequency of the 
oscillator increases 
from zero, the detector 
at D recorded a series 
of maximum and 
minimum signals. 
What is the frequency at which the first maximum is 
observed? (speed of sound = 330 m/s). 





(a) 165 Hz (b) 330 Hz 

(c) 495 Hz (d) 660 Hz. 

33. A collar B of ! 

mass 2 kg is LA 
constrained to move „н“ 

along a horizontal | 2—.......... ‹ 
smooth and fixed Ж 4 

circular track of 7m 


radius 5 m. The spring : 
lying in the plane ofthe circular track and having spring 
constant 200 N/m is undeformed when the collar is at 
A. If the collar starts from rest at B, the normal reaction 
exerted by the track on the collar when it passes through 
A is 

(a) 360 N 
(с) 1440 N 


(b) 720 N 
` (d) 2880 N. 


34. In the figure shown 
if a parallel beam of white 
light is incident on the 
plane of the slits then the 
distance of the nearest 
white spot on the screen 
from O is (assume 
d<<D,r<<d 

(a) 0 

(c) d/3 





(b) 42 
(d) d/6. 


35. In the above question if the light incident is 
monochromatic and point O is a maxima, then the 
wavelength of the light incident cannot be 

d? d^ 
(а) 15 (0) ер 


2 2 
12D (d) 18D 


36. Match the physical quantities given in column | 
with dimensions expressed in terms of mass M, 
length L, time T and charge О given in column 11 and 
write the correct answer against the matched quantity. 
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(c) 





Column I Column II 
(i) angular momentum (A) ML?T? 
(ii) latent heat (B) ML?Q2 
(iii) torque (C) ML?T"! 
(iv) capacitance (D) ML3T-'Q? 
(v) inductance (E) M7'L-?T?Q? 
(v) resistivity (F) L?T-? 
(a) (i) - (C) (b) (ii) - (D) 
(c) (iii) - (E) (d) (v) - (F). 


37. A uniform rod of mass 
m and length / is hinged at 
its mid point in such a way 
that it can rotate in the vertical 
plane about a horizontal axis 
passing through the hinge. 
One of its ends is attached 
to a spring of spring constant k which is unstretched 
when the rod is horizontal. If this rod end is now given 
a small displacement and released angular frequency 
of the resulting motion is 


n T 
(a) Mi (b) ye. 


lg 


i 1/2 


7777/7/// 


3k 
(c) ү эй (4) Vy 
38. T w o 
infinite © e) 69 6) GC 69 69 
sheets tO S 
carrving 
current 1. c9 9 © O б б в. 


same direction (of equal current per unit length K) are 
separated by a distance d. A proton is released from a 
point between the plates with a velocity parallel to the 
sheets but perpendicular to the direction of current in 
the sheets. Then the path of the proton is 


(a) circle (b) helix 
(c) straight line 
(d) straight line only if it is released from a point exactly 


midway between the two plates. 


39. Two long coaxial and conducting cylinders of radius 
a and b are separated by a material of conductivity o and 


| a constant potential difference / is maintained between 


them, by a battery. Then a current per unit length of the 
cylinder from one cylinder to the other is 
476 
In(5/a) 


V (0 ey 
b+a 





(a) 
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40. А ring of mass m, radius r having a charge q 
uniformly distributed over-it and free to rotate about 
its own axis is placed in a region having a magnetic 
field B is suddenly switched off, the angular velocity 
acquired by the ring is 

2 2qB 
(a) = ( == 
48 


(с) 2 (d) none of these. 


m 


41. The magnetic 
field at the origin due 
to the current : 
flowing in the wire : I 
is 


ey 


(a) -E q +k) 


Np. 





(b) = (+) <— parallel 


to Y-axis 


(с) tel Cie) Y upto eo 


(d) Т E7 ———(i -k) 


42. Two masses m and 2m 
are placed in fixed 
horizontal circular smooth 
hollow tube as shown. The 
mass m is moving with 
speed и and the mass 2m 
is stationary. After their 
collision, the time elapsed 
for next collision (coefficient of restitution e = 1/2) 





2nr 4nr 
hers m 

3r 121r 
(с) н и 


43. A mosquito with 8 legs stands on water surface 
and each leg makes depression of radius a. If the surface 
tension and angle of contact are 7 and zero respectively, 
then the weight of mosquito is 

(a) 87a (b) 16л7а 

(c) 7a/8 (d) Та/16т. 


44. The values of kinetic energy K and potential energy 
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U are measured as follows: 

K = 100.0 + 2.0 J 

U = 200.0 + 1.0 J 
Then the percentage error in the measurement of 
mechanical energy is 
(a) 2.5% 
(c) 0.5% 


(b) 1% 
(d) 1.5%. 


45. A block of mass m is being pulled up the rough 
incline by an agent delivering constant power P. The 
coefficient of friction between the block and the incline 
is u. The maximum speed of the block during the course 


of ascent is p 


P 
(a) PESE 
. те зїп Ө + ung cosO ^ 
(b) v= ЕФЕС: A 
mg sin® — umg cos 0 8 
2P 777777777777777777- 
(с) v» ———————— 
Т mg sin 0 — ите соѕе 
(d) = — 


mgsinO — umg cos 


46. A uniform field B —3i +47+5k . A rod of length 
5 mis placed along y-axis is moved along x-axis with 
constant speed 1 m/sec. Then induced e.m.f in the rod 
will be 

(a) zero 
(c) 20 volt 


(b) 25 volt 
(d) 15 volt. 


47.. A partieleis projected 
at angle 60? with speed 
1043 , from the point А 
as shown in the figure. At 
the same time the wedge 
is made to move with 
Speed 1043 towards right as shown in figure. Then 
the time after which particle will strike with wedge is 
(a) 2 sec (b) 243 sec 

(c) 4/4 sec (d) none of these. 


48. As shown in 
the figure, rod is 
composed of two 
parts of 2m mass, 
length / and m 
mass, length 2/. It 
is placed on rough 
edge as shown in 
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the figure. In the given configuration of rod 
(a) it will slide first, then rotate to fall 

(b) it will rotate first, then slide to fall 

(c) it will neither slide nor rotate 

(d) it will slide and rotate simultaneously. 


49. A uniform magnetic field of 1.5 T exists in a 
cylindrical region of radius 10.0 cm, its direction being 
parallel to the axis along east to west. A current carrying 
wire in north south direction passes through this region. 
The wire intersects the axis and experience a force of 
1.2 N downward. If the wire is turned from north to 
south to north east-south west direction, then magnitude 
and direction of force is 


(a) 1.2 N upward (b) 1.2x 2 N downward 


N downward 


1.2 
(с) 12N (d) NS 


50. Inthe above problem, if wire in north-south direction | 


is lowered from the axis by a distance of 6 cm, then 
magnitude and direction of force is 

(a) 0.48 N, downward (b) 0.48 N, upward 

(c) 0.96 N, downward (d) 0.96 N, upward. 


PASSAGE 1: Read the following passage and answer 
the questions numbered 51 to 55. They have only 
one correct option. 

Heat transfer by radiation : When the thermal radiations 
fall on matter they are either transmitted, absorbed or 
- reflected. The so-called diathermanous materials like dry 
air, rock salt, carbon-di-sulphide etc. are practically 
transparent to these radiations. On tlie other-hand | 
materials like metals, wood, water are opaque and 
therefore, they are known as adiathermanous or 
athermanous. The thermal radiations can penetrate a 
diathermanous material. Once radiated by a hot body, 
thermal radiation travel on and on as electromagnetic 
waves until they get absorbed by some cold athermanous 
body. 

The total energy reflected R, transmitted 7 and absorbed 
A by certain area of the body in a given interval of 
time must be equal to the total energy / falling on a 
body over the same area and in the same interval of 
time, ie. R- T * A = 1. 

If we define, r reflective power, the fraction of incident 
radiations reflected, ¢ transmitting power, the fraction of 
incident radiations transmitted, a absorptive power, the 
fraction of incident radiations absorbed then from the 
above. feared Ghia t] 

A body which is transparent (z > 1) is not opaque and 


it is not a good reflector (a > 0, r — 0). But if the | 
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| wavelengths. 


body is a good absorber (a — 1), it is not transparent 
and its surface is dull (t — 0, к > 0). 

The relation given above is oversimplified, because 
body may transmit some wavelength and absorb other 


For the next three questions assume that emissions 
from all surfaces are perpendicular to respective 
surfaces. 
е= 0.5 e-i 
A | В 
Т T 
1= 0.5 
г= 0.5 
between the two surfaces as 
shown. For this situation the 
rate of loss of energy by the х 
surface A and В respectively аге 
(a) 25 J/s, 50 J/s А 


(b) 50 J/s, 100 J/s 1 Т 
(c) 12.5 J/s, 37.5 Js (ду 0, 0. 


51. For the surface 4 shown іп 
figure, e = 0.5 and for the surface 
B, e = 1. Given that P = САТ“ 
= 100 J/s. For this situation, rate 
of loss of energy by the surfaces 
A and B respectively are : (assume 
that ¢ = 0 for both А and B). 

(a) 100 J/s, 50 J/s 
(b) 50 J/s, 50 J/s 
(c) 0, 50 J/s 





(d) 0, 0. 


52. A slab of transmitting 
power / = 0.5 and reflective 
power r = 0.5 is kept in 


e-0.5 


В 


53. In the above-question, if the 

surface B is removed, then the rate 

loss of energy by surface 4 is 

(a) 33.3 J/s 

(b) 25 J/s 

(c) 50 J/s 

(d) 37.5 J/s , 
7 

54. Four spheres of the same radius of different material 

A, B, C and D have following data as given in the table. 

All are at the same temperature. B is the best emitter. 

Then its transmitivity may be 





Reflectivity Transmitivity 
A 0.1 0.5 
B 0.2 - 
C 0.3 0.4 
D 0.4 0.2 
(a) 0.4 (b) 0.5 (c) 0.2 (d) 0.8 
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55. To maintain the temperature of inner environment 
of a box a source of heat is placed inside the box. The 
power of the source is minimum if the medium 
surrounding the box used is 

(a) either metal or rock salt 

(b) either wood or dry air 

(c) either water or wood 

(d) either metal or car. 


PASSAGE 2 : Read the following passage and answer 
the questions numbered 56 to 60. They have only 
one correct option. 
Huygen was the first 
scientist who proposed 
the idea of wave 
theory of light. He said 
that the light 
propagates in form of 
wavefronts. A 
wavefront is ап 
imaginary surface at every point of which waves are 
in the same phase. For example the wavefronts for a 
point source of light is collection of concentric spheres 
which have centre at the origin. W, is a wavefront, W, 
is another wavefront. 

The radius of 
the wavefront 
at time f is ct 
in this case 
where c is the 
speed of 
light. The direction of propagation of light is 
perpendicular to the surface of wavefront. The wavefronts 
are plane wavefronts in case of a parallel beam of light. 
Huygen also said that — secobdary wavelet 

every point of the  ofradiuscA: 
wavefront acts as the 
source of secondary 
wavelets. The tangent 
drawn to all secondary 
wavelets at a time is the 
new wavefront at that 
time. The wavelets are to be considered only in the 
forward direction (i.e. the direction of propagation of 
light) and not in the reverse direction. If a wavefront 
IV, at time ¢ is given, then to draw the wavefront at 
time ¢ + At take some points on the wavefront W, and 
draw spheres of radius cAt. They are called secondary 
wavelets. 

Draw a surface W, which is tangential to all these 


ray of 
light 





ray 


Wi, Wa, W wavefront 


y, W, W, 
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secondary wavelets, W, is the wavefront at time 
t + At. Huygen proved the laws of reflection and laws 
of refraction using concept of wavefronts. 


56. A point source of light is placed at origin, in air. 
The equation of wavefront of the wave at time /, emitted 
by source at f= 0, is (take refractive index of air as 1) 
(а) х+у+== с (D х2 + у? + 22 = р 

(с) ху +yz + 2х = с? (d) х2 + у + 22 = с. 

57. Spherical wave fronts shown in J 
figure, strike a plane mirror. Reflected f 
wave fronts will be as shown in Pn 


(a) Ф (b) ) 


(с) (4) 


58. Wavefronts incident on ап 
interface between the media are 


shown in the figure. The er am -1 
refracted wavefronts will be as н; = V2 
shown in 

(а) улт (b) = 


(c) 60° 


| 59. Plane wavefronts аге 
| incident оп а spherical mirror 


as shown. The reflected 
wavefronts will be 


(a) 


=) 
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ANSWERS  . 
(c) 


l. (a) 2. (с) 3. (a) 4. (c) 5. (d) 
> a> 


6. (D 7. (с) 8 (a 9 (d) 10. (c) 
11. (c) 12. (d) 13. (b) 14. (a) 15. (d) 
60. Certain plane wave fronts are 
shown in figure. The 


16. (c) 17. (a) 18. (d) 19. (c) 20. (b) 
21. (c) 22. (b) 23. (b) 24. (b) 25. (a) 
m D 26. (b) 27. (c) 28. (a) 29. (b) 30. (b) 
refractive index of 


31. (b) 32. (b) 33. (c) 34. (d) 35. (a) 
36. (a) 37. (c) 38. (c) 39. (c) 40. (c) 
B 41. (c) 42. (D 43. (b) 44. (b) 45. (a) 
46. (6) 47. (a) 48. (c) 49. (c) 50. (c) 
B" 51. (d) 52. (d) 53. (a) 54. (c) 55. (c) 

medium is 
(a) 2 Note : For detailed solutions please log cn to our 
(b) 4 4 website www.resonance.ac.in 
(c) 1.5 4" " 
(d) cannot be determined. 










56. (d) 57. (c) 58. (D 59. (a) 60. (a) 


vacuum 





Letter to Editor 


Dear Editor. 


The enrolment in physics has been steadily decreasing, all over the world, for many years. This is why 2005 was celebrated 
as the IYP, coinciding with the 100th anniversary of Albert Einsteins Special Relativity. One of the aims of IYP was to 
improve the public awareness of physics and physics education so as attract young students to physics. As an HSC 
teacher, | am working on the logical aspects of teaching and learning mechanics - particularly circular motion - for 
about 30 years and arrived at the following conclusion many years ago which is given below. 
Although the logical incompleteness of Newton 5 laws of motion leads us to Einstein s General Relativity, that incompleteness 
itself has not been completely understood. This is why we still have problems in teaching/learning 300-year old mechanics. 
It may be noted that Frank Wilczek [Nobel Laureate of 2004] had admitted, in October. 2004, that he had maximum 
trouble in learning.classical mechanics. He gave a good lesson for physics education and was my subject of lectures in 
some Indian events of the IYP. Now, some physics organizations are considering the question: Will there be significant 
rise in the public awareness of physics and in the enrolment in physics? I hesitate to answer positively and in support 
of this 1 like to share a unique experience, concerned with a new trend in HSC physics - that is listing Understanding 
Oriented Questions without giving direct answers to them. Such questions are now attracting promising students like the 
IIT aspirants. 
Let us start with the question on the circular motion. In that question, a body is shown performing the UCM and students 
have to show directions of centripetal and centrifugal forces, with suitable arrows. Actually, students do know the UCM * 
from std ІХ and hence, in my opinion, the said question is not very challenging. However, this question - in the reversed 
manner is much more challenging question. It is like this : The centripetal force is acting on a body, show the direction 
of motion. 
I started the lecture in a Symposium on 16th January 1993 with that reversed question. The minimum academic level 
of audience was MSc. Physics. But as per my expectation, some young teachers drew anticlockwise trajectory and some 
did the opposite. Consequently, it was easy for these two groups to understand my opinion about the logical problems 
in the present treatment of UCM. 
If this is the situation with young teachers, having done MSc. in physics, what to talk of HSC students. With such logical 
problems in the basic concepts of mechanics, one can hardly expect students to jump on physics for making career. 
Dileep V. Sathe, Pune 


T i 
| We agree with Dr. Sathe for a need for. teaching physics correctly from the grass-roots level by going back to the basic | 
concepts as given by the original authors. Constant interpretations and interpolations of the original ideas have diluted | 
the content of physics. It is the approach to teach science that has to change if students have to learn the correct 


thinking. We share his concern, as the readers can see from our editorials.. - Editor. 
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Time : 1 hr 


Instructions: 
1, This question paper contains 60 questions. 


Very Similar 
MODEL TEST PAPER 


for AIIMS 2006 





Maximum Marks : 60 


2. For every correct answer I mark will be credited to your account, 1/3 mark will be deducted for every wrong answer and no marks will 


be awarded for unattempted questions. 


3. Use of Trigonometric. table, Calculator or any other helping device is restricted. 
4. Useful data: At.wt./ Mol.wt. : KMnO; : 158; Cu:63.5; NaOH : 40; НСІ: 36.5; Mg: 24 Н: 1; He: 4; C: 12; N : 14; О: 16; Ма: 23; 


Р: 31,:5; 32; СІ: 35.5; Са: 40: Zn : 65; Ag : 108. 


Atomic No: H: 1; He: 2; Li: 3; Be: 4; B: 5,C:6;N:7,0: 8; F:9: Na: 11. Mg: 12; Al: 13; Si: 14; Fe: 26; Со: 27; Ni : 28; 


Cu : 29; Zn : 30; Rb : 37 
Constants : 
т„= 9.11 x 10?! kg. 

5. Fill in your answers in the given response sheet. 


1. An equibiconvex lens of focal length 10 cm is 


cut by a plane perpendicular to its axis to make two | 
| (a) В. y, a 
| (с) В, a, Y 


plano convex lenses from it. The focal length of each 
plano convex lens will be 
(a) 5 cm 
(c) 15 cm 


(b) 10 cm 
(4) 20 cm. 


2. ` A steel wire of uniform area 2 mm? is heated upto 
50*C and is stretched by tying its two ends rigidly. 
The change in tension when the temperature falls from 
50°C to 30°C is (given Y = 2.0 x 10!! Nm? and 
a= 1.1 x 10° per °C] 
(a) 2.5 x 10!°N 

(c) 5 М 


(b) 1.5 х 10!°N 
(d) 88 N. 


3. Anearth satellite moves from an orbit 4 to another 
stable lower orbit В. In this process 

(a) gravitational potential energy decreases 

(b) gravitational potential energy increases 

(c) gravitational potential energy remains unchanged 
(d) none of these. 


4. Two light bulbs one of resistance R and other of 
resistance r (< №) are connected in parallel.to the mains, 
Which bulb glows brighter? 

(a) bulb with resistance r 

(b) bulb with resistance R 

(c) bulb glow equally bright 

(d) bulb with resistance r will be fused. 


5. In the given reaction, 


50 





g = 10m/s?, R = 8.3 JK'mol' or 0.0821 atm /K'!mol !, e = 1.6 х 107? C, № = 6.023 x 102, m, — 1.6 x 10?? kg, 


ZAA SS AY UT» UK ES РЕКИ 
Radioactive radiations are emitted in the sequence 
(b) a, B. у 

(d) ү, a, В. 


| 6. Asystem undergoing simple harmonic motion must 


possess 

(a) inertia only (b) elasticity only 
(c) inertia as well as elasticity 

(d) inertia, elasticity and external force. 


7. The impurity atom with which pure germanium 
should be doped to make n-type semiconductor is not 
(a) phosphorus (b) arsenic 
(c) bismuth (d) boron. 


8. Theionization energy of hydrogen atom is 13.6 eV. 
Following Bohr's theory, the energy corresponding 
to transition between third and fourth orbit will be 
(a) 3.4 eV (b) 1.51 eV 
(c) 0.85 eV .. (d) 0.66 eV. 


9. Speeds of red light and yellow light are exactly 
same cit tag Hsp ad c ui 

in vacuum but not in air 

in air but not in vacuum 

in vacuum as well as in air 

neither. in: vacuum.nor in air. 


(a) 
(by 
(c). 
(d) 


10. A gun of weight 10 kg fires a shot of 0.5 g with 
a velocity 230 ms^!. Velocity of recoil of the gun is 
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(b) 1.15 cms"! 
(d) 1.51 cms”. 


(a) 1.5 cms"! 
(c) 1.10 cms"! 


11. 
(a) 
(b) 
(c) 
(d) 


12. The displacement of a particle executing simple 
harmonic motion is given by y = 1.2sin(3.51 + 0.5x) 
where distances are in metre and ¢ in second. The 
maximum velocity of the particle is 

(a) 3.5 ms"! (b) 4.2 ms"! 

(с) 5.0 ms"! (d) none of these. 


On mountains roads are made spiral because they 
look beautiful 

save vehicles from turning over 

reduce speed 

have less steep slopes. 


13. The equation of state of a gas can be expressed 


as | P+——:=—. P = pressure, V = volume, 


Ө = absolute temperature and a, R are constants. 
Dimensional formula of a is 

(a) ML3T-? (b) MLÓT? 

(с) MLT? (d) M-!D^T?., 

14. A body starts from rest and moves with a uniform 


acceleration. The ratio of the distance covered in the 
п“ second to the distance covered in n second is 


271 2 
Chea GE 
(y ips @ 2+2: 

n n hn n 


15. Three thin uniform rods of mass M and length L 
lie along the x, y, z-axes with one end of each at the 





origin. Moment of inertia 7 about the z-axis for the 
three-rod system is 
ML MD 
Gie (b) = 
2MP 
(c) 3 (d) ML?. 


16. A satellite of mass m is revolving at a height Л 
above the earth's surface. The radius of the earth is R 
and its mass is M. The orbital velocity for this satellite 
is given by 








2GM [GM 
(а) Y R (0) REA 
2GM GM 
(© = (d) 2R 


52 








| 17. Ratio of coefficient of thermal conductivity of 


| thickness, the ratio of their length should be 


two different materials is 4 : 3. To have same thermal 
resistance of the two rods of these materials of equal 


(a) 3/4 
(c) 1/4 


(b) 4/3 
(d) 5/4. 


18. Two bodies of masses M, and M, have equal kinetic 
energy. The ratio of their momenta is 
(a) Ma : Mg (b) My: M, 


(с) JM, : M, (d) М: Mg. 


19. An object with mass m and speed v explodes into 
two pieces, one three times as massive as the other; 
the explosion takes place in a gravity free space. The 
less massive piece comes to rest. The change in kinetic 





| energy of the system in the explosion is 


(а) ут” (b) iml 
4 


| 

-mv 
(d тту. 
20. A meter stick, suspended 


from one end, swings as a h 
physical pendulum. Its period of 


oscillation is given by CM 
(a) 2s 
(b) 1.64 s = loger" 
(c) 1.16 s ^| 
(d) 1. 

6v 


21. Potential V in 
the given circuit is 





(a) 9V 10У a 
WAN 

(b) 32 V S——^ANN A 

di : s 30 а 


22. In figure there 
are two semicircles 
of radii ғ; and › in 
which a current i is 
flowing. The 
magnetic induction 
at centre O will be 


pu 
(a) Wn) 


Lui 


m 





nh | 





^^ у 
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23. The dimensional formula of e?/e)hc (where e, h, 
c are charge, Planck’s constant and velocity of light), 
is that of 
(a) work 
(c) angle 


(b) impulse 
(d) stress. 


24. The depth inside the earth at which the value of 
g is 50% of its value at the surface is 


(a) R (b) 2R (c) R/2 (d) R/4. 


25. If the momentum of a body varies with time 
according to the relation P = ? — 62 + 3 Ns, then the 
time at which the maximum force acts on it, is 
(a) 2s (b) 65s (c) 35s (d) 4 s. 


26. If the earth suddenly shrinks such that its radius 
becomes half of its present radius, then the duration 
of the day would become 
(a) 6 hr (b) 18 hr 


(c) 12hr (4) 96 hr. 


27. The ratio of time taken by a disc and a sphere of 
equal radii, to reach the bottom of an inclined plane 
is given by 


(a) 45/14 (b) 5/7 
(c) J10/7 (d) 415/14 


28. A simple pendulum oscillates with frequency n 
in air. On immersing in a liquid of density one sixth 
of the bob of the pendulum, it oscillates with the 
frequency 


5 5 BE 
(а) zr (0) те (0) 16)" (дт 


29. If a cube is put in a liquid of density 3 times the 
density of the material of the cube, then the fraction 
of the volume of the cube which remains inside the 
liquid is 
(a) 1/4 (b) 1/2 


(c) 2/3 (d) 1/3. 


30. Ifthe angular velocity of a body increases by 50%, 
then the percentage increase in the rotational kinetic 
energy is 


(a) 225% (b) 125% (с) 25% (4) 50%. 


31. A transformer changes 220 V to 22 V. If the currents 
in the primary and secondary coils аге 10 А and 70 А 
respectively, then its efficiency will be 


(a) 100% (b) 90% (с) 80% (а) 70%. 


32. The power factor of LCR circuit at resonance is 
(а) 0.707 (b) 1 (c) zero (d) 0.5 
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33. A person can not see objects clearly beyond 
50 cm. The power of the lens to correct his vision 
will be 

(a) +2D 
(c) +5D 


(b -2D 
(d) – 0.5 D. 


34. The refractive index ofthe material of an equilateral 
prism is 4/2 . The angle of minimum deviation produced 


by it will be 
(a) 30? (b) 45? 
(c) 609 (d) none of these. 


35. The equations of light waves are y, = 6с0500/, 
y; = 8cos(a + ф). These superpose to interfere. The 
ratio of maximum to minimum intensity in the 
interference pattern is 
(a) 7:1 

(c) 16:9 


(b) 49:1 
(d) none of these. 


36. From Brewster's law it follows that the angle of 
polarisation depends upon 

(a) wavelength of light 

(b) orientation of plane of polarisation 

(c) orientation of plane of vibration 

(d) none of these. 


37. At what temperature will the hydrogen molecules 
escape from earth's surface? 


(a) 104K (b) 10K (е) 102K (d) 10K. 


38. An iceberg (density 0.92 g/cc) is floating partly 
immersed in sea water (density 1.03 g/cc). The fraction 
of the total volume of the iceberg above the sea water, is 
(a) 89% (b) 11% (c) 9.09% (4) 78%. 


39. If M; and M, are the inertial and gravitational masses 
of a body respectively, then 


(а) M, = 9.8 М, (b) М„= M, 

(c) M, = M,/9.8 (d) M, = M,/6. 

40. The gravitational field intensity is measured in 
(a) Nm? kg? (b) N kg"! s? 

(c) N kg (d) N kg". 


Directions (Q. 41 to 60) : In each of the following 

questions, a statement of assertion (A) is given and a 

corresponding statement of reason (R) is given just 

below it. Of the statements, mark the correct answer 

as 

(a) if both A and R are true and R is the correct 
explanation of A 





(b) if both A and R are true but R is not the correct 
explanation of A 
if A is true but R is false 


if both A and R are false. 


(с) 
(4) 


41. Assertion : The rainbow is seen sometimes in 
the sky when it is raining to an observer with his back 
towards the sun. 

Reason : Total internal reflection from water droplets 
causes dispersion. The final rays are in the backward 
direction. 


42. Assertion : The relative velocity of two photons 
travelling in opposite direction is C. 
Reason : The rest mass of photon is zero. 


43. Assertion : Brilliant colours are seen in thin layer 
of oil on the solution. 
Reason : White light is composed of several colours. 


44. Assertion : In LCR series circuit, the resonance 
occurs at one frequency only. 

Reason : At resonance the inductive reactance is equal 
to the capacitive reactance. 


45. Assertion : For a given mass of an ideal gas, at 
constant temperature the product of the pressure and 
volume is constant. 

Reason : The mean square velocity of the molecules 
is inversely proportional to their masses at constant 
temperature. 


46. Assertion : y for a diatomic gas is more than for 
a monoatomic gas. 

Reason : The molecules of a monoatomic gas have 
more degrees of freedom than those of a diatomic gas. 


47. Assertion : Radiowaves can be polarised. 
Reason : Sound waves are longitudinal waves. 


48. Assertion : If a pendulum falls freely, then its 
time period becomes infinite. 
Reason : Free falling body has acceleration equal to g. 


49. Assertion : The couple acting on a body is not 
equal to the rotational kinetic energy of the body. 
Reason : Couple and kinetic energy have different 
units. 


50. Assertion : A thin aluminium disc spinning freely 
about a central pivot is quickly brought to rest when 
placed between the poles of a strong U-shaped magnet. 
Reason : A current induced in a disc rotating in a 
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| magnetic field produces a force which tends to oppose 
| the disc’s motion. 


51. Assertion : In a radioactive disintegration an 
| electron is emitted by the nucleus. 
| Reason : Electrons are always present inside the nucleus. 
52. Assertion : A dip needle becomes vertical at 
magnetic equator of the earth. 
Reason : The magnetic field due to the earth at the 
magnetic equator is vertical. 


53. Assertion : When two clectrons are brought close 
to each other, the electrical potential energy increases. 
Reason : Work must be done against electrical force 
of repulsion. 


54. Assertion : If Young’s double slit experiment is 
performed in water, the fringe width will decrease. 
Reason : Wavelength of light in water is smaller than 
in air. 





55. Assertion : Two satellites of masses m, and m; 
(m, > т) are going around the earth in orbits of radii 
к, and ғ, (r, > 72). 

Reason : They will have same velocity. 


56. Assertion : It is not possible for a system, unaided 
by an external agency, to transfer heat from a body at 
lower temperature to another at higher temperature. 
Reason : It is not possible to violate the second law 
of thermodynamics. 


57. Assertion : In the absence of space charge, the 
potential gradient between cathode and the anode will 
be uniform. 

Reason : The space charge reduces the potential in 
the cathode and anode region non-uniformly. 


58. Assertion : A vibrating tuning fork sounds louder 
when its stem is put against a desk top. 

Reason : When a wave reaches another denser medium, 
a part of the wave is reflected. 


59. Assertion : Isotopes of an element can be separated 
by using a mass spectrometer. 

Reason : Separation of isotopes is possible because 
of the difference in electron numbers of isotopes. 


60. Assertion : A large soap bubble expands while a 
small bubble shrinks when they are connected to each 
other by a capillary tube. 

Reason : The excess pressure inside bubble (or a drop) 





is inversely proportional to its radius. 
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Practice Paper for 





West Bengal JEE 2006 


1. A particle of mass 10 gram is executing simple 
harmonic motion with an amplitude of 0.5 m and circular 
frequency of 10 radian/sec. The maximum value of the 
force acting on the particle during the course of the 
oscillation is 

(a) 25 newton 
(c) 5 newton 


(b) 2.5 newton 
(d) 0.5 newton 


2. A copper wire and a steel wire of same diameter 
and length are connected end to end and a force is applied 
which stretches their combined length by 
1 cm. The two wires will have 

(a) same stress and strain 

(b) different stress and strain 

(c) different stress and same strain 

(d) same stress and different strain. 


3. A force of 5 N acts on a body of 5 kg for 
1 second and gives it a momentum p and kinetic energy 
E. If the same force accelerates the same body through 
1 m, the momentum and energy attained by the body 
are p' and E' respectively. 

Which of the following relation is correct? 

(a) p» p', E> E' (b) р<р',Е<Е' 

(с) p» p,E«E' (d) p «p', E» E'. 

4. Roadways are banked on curves so that 

(a) the weight of the vehicle may be decreased. 

(b) the frictional force between the road and vehicle 
may be decreased 

(c) the wear and tear of tyres may be avoided 

(d) the speeding vehicles may not fall inwards. 


5. An object is placed at a distance of 30 cm from a 
concave mirror and its real image is formed at a distance 
of 30 cm from the mirror. The focal length of the mirror 
is 

(a) 15 cm 
(c) 30 cm 


(b) 45 cm 
(d) 20 cm 


6. A motor cyclist moving with a velocity of 
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72 km/h on a flat road takes a turn on the road at a 
point where radius of curvature of road is 
20 m. In order to avoid skidding, he must not bend with 
respect to the vertical plane by an angle 0 greater than 
(a) tan-!(6) (b) tan (2) 

(c) tan (25.92) (d) {ап-!(4). 

7. In the given figure, the 
current in the cell is 

(a) 33A 

(b) 3.3A 

(c) 0.33 A 

(d) 3.32 A. 





8. Thecritical angle of light passing from glass to air 
is minimum for 
(a) red 

(c) yellow 


(b) green 
(d) violet. 


9. Ten identical electric bulbs, each rated 220 V, 
50 W are used in parallel on 200 V line for 10 hours 
a day in month of 30 days. The electric energy consumed 
in kWh is 
(a) 5 kWh 
(c) 15 kWh 


(b) 50 kWh 
(d) 1500 kWh. 


10. Variation oftime period of a simple pendulum with 
its length is as in 


T 
(a) 
/ 
f T 
(c) (d) 
1 П 


11. A body start from rest with a uniform acceleration 
of 2 m/s? for 10 sec. it move with constant speed for 
30 sec then deaccelerated by 4 m/s? to zero. What is 
the distance covered by the body? 

(a) 750 m (b) 850 m 

(c) 600 m (d) none of these. 


(b) 
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12. A solenoid is taken and an iron rod is inserted into 
it then which of the following quantities will not change 
(a) magnetic field at the centre 

(b) magnetic flux linked with the solenoid 

(c) self inductance of the solenoid 

(d) joule heating. 


13. Two mirrors are placed at right angles to each other. 
A man is standing between them combing his hair. How 
many images he will see? 
(a) 3 
(c) 1 


14. A sine wave has an amplitude А and wavelength А. 
Let V be the wave velocity and v be the maximum velocity 
of a particle in the medium. Then 


(a) Y -vifA-24 


(b) 2 
(d) 0. 


(b) V=vif А = 27А 


(с) V=vif A= А (d) V can not be equal to v. 


15. A body starts from rest with uniform acceleration. 
The velocity of the body after г sec. is v. The displacement 
of the body in last 3 sec. is 


Í ^4 
(а) 3v| 1-2) (b) 200-3) 


(с) =e +3) (d) none of these. 

16. A body of mass 0.10 kg is being rotated in a circular 
path of diameter 1.0 m on a frictionless horizontal plane 
by means of a string. It performs 10 revolutions in 
31.4 sec. The centripetal force acting on the body is 
(a) 2N (b) 2.4 N 

(c) 0.2 N (d) 0.5 N. 


17. Ifthe coefficient of apparent expansion of a liquid 
in a copper vessel is C and in a silver vessel is S and 


the co-efficient of linear expansion of copper is A, then | 


the co-efficient of linear expansion of silver is 


С+5- 3А 5 +34-С 
ят су — 
C+34-S C+5+3A 
oy gp 


18. A current / ampere flows in a circular wire of radius 
r subtending an angle 7/2 radian at the centre. The 
magnetic induction B at the centre will be 


Hol 08 
(а) ^ (Dios 
Hol bol 
(©) 4r (4) 8r 
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19. An immersion heater of 1 kW will take the time 
for increasing the temperature of 1 litre of water through 
10°C equal to 
(a) 105 
(c) 425 


(b) 24s 
(d) 100 s. 


20. A galvanometer is shunted by 1/n" of its resistance. 
The fraction of the current passing through the 
galvanometer is 














I b 1 
(a) п-1 (b) n+l 

Те 1, 
© n+] (d n-l 


21. The peak value of voltage in 220 volt a.c. mains is 
(a) 155.6 volt (b) 220 volt 
(c) 311 volt (d) 440 voit. 


22. If A= 4i +4) - Ak and B =3i +j+4k, the angle 
between the vectors is 
(a) 0? 

(c) 60° 


(b) 45? 
(d) 90°. 


23. Two waves having a phase difference of 60? will 
have a path difference of 
(a) A/2 
(c) A/6 


(b) A/3 
(d) 2A. 


24. To obtain 3 uF capacity from three capacitors of 
2 МЕ each, they will be arranged 

(a) all the three in series 

(b) all the three in parallel 

(c) two capacitors in series and the third in parallel 
with the combination of the two 

(d) two capacitors in parallel and the third in series 
with the combination of the two. 


25. A magnet of magnetic moment M is freely suspended 
in a uniform magnetic field of strength B. The work done 
in rotating the magnet through an angle Ө is given by 
(a) BM (b) MBsinO 

(c) МВсоѕӨ (d) MB(1 — cos8). 


26. An automobile engine develops 100 kW when 
rotating at a speed of 1800 rev/min. What torque does 
it deliver? 

(a) 350 N-m 
(c) 531 N-m 


(b) 440 N-m 
(d) 628 N-m. 


27. Atwhat height from the earth surface, the acceleration 
of gravity will be half the value of g at surface. 
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(R = 6400 km) | If magnetic flux between the pole pieces is known to 





(a) 2650 km (b) 3200 km be 8 x 107^ Wb, then induced emf in the wire is 
(c) 4800 km (d) 6400 km. (a) 8 х 103 V (b) 6x 103 V 
| (c) 4х 103-V "(d 2x 103 У. 


28. Two waves are approaching each other with a velocity | 
of 20 m/s and frequency n. The distance between two | 37. A closely wound flat circular coil of 25 turns of wire 
consecutive nodes is | has diameter of 10 cm and carries a current of 4 ampere. 
(a) 20/n (b) 10/n Determine the flux density at the centre of a coil. 
(c) 5/n (d) n/10. (а) 1.679 x 10-5 tesla (Ы) 2.028 x 10° tesla 


29. Coefficient of superficial expansion of a solid is (c) 1297: 107 tesfa, „ (д) ААТ x19 5 tesla, 

2 х. 10-5/°С. Its coefficient of linear expansion is 38. The magnitude of acceleration ofthe car is maximum 
(а) 1 x 10-5/°С (b) 2 x 105 /°C (a) on applying brakes 

(c) 3 x 1055 /°C (d) 4 x 1055 /°С. | (b) on pressing the accelerator 

(c) on starting the саг (d) on turning off the. car. 


30. If the capacitance of a spherical conductor is 1 pF, 


then its diameter would be 39. The extraction of cream from milk when it is chumed 
(а) 1.8 x 10^ m (b) 18 x 10? m depends upon 
(c) 1.8 x 10? т (d) 18 x 107 m. (a) centrifugal force (b) centripetal force 

(c) cohesive force (d) gravitational force. 


31. A wire has a resistance of 3.1 Q at 30°C and a 
resistance 4.5 Q at 100°C. The temperature coefficient | 40. The coefficient of restitution depends upon 

of resistance of the wire is (a) the.masses of the colliding bodies 

(a) 0.0064 °C"! (b) 0.0034 °C"! (b) the direction of motion of the colliding bodies 





(c) 0.0025 °C"! (d) 0.0012 °С-!. | (c) the inclination between the colliding bodies 
32. The internal resistance of a cell is the resistance of | 12 athe: materia siofithe colliding bodies: 
(a) electrodes of the cell (b) vessel of the cell 41. The coefficient of thermal conductivity of a rod 
(c) electrolyte used in the cell depends on 
(d) material used in the cell. (a) nature of material of rod 
(b) volume of rod (d) temperature of rod 


33. An astronomical telescope has a length of 44 cm | 


and tenfold magnification. The focal length of the KJ FeO ROS paeron оры 


objective lens is 42. Photoelectric threshold wavelength for tungsten is 
(а) 4 ст (6) 40 ст 2300 A. Work function will be 
(c) 44 ст (d) 440 cm. (a) 5.39 eV (b) 53.9 eV 


-3 
34. If a spring extends by x on loading, then energy (c) 5.39 x 10° eV (d) none of these. 
stored by the spring is (if T is the tension in the spring | 43. An electron is accelerated at 10 kV to a tungsten 


апа к is the spring constant) target. The wavelength of the X-ray photon produced 
(a) T?/2x (b) T?/2k will be 
(с) 24/7? (d) 27 7/k. (a) 0.62A (b) 2.48 A 


35. A copper ring is moved quickly towards the south | (€) 0.124 mm (d) 1.24 À. 
pole of a powerful stationary bar magnet. As a result | 44, A rectangular coil of area 20 cm x 15 cm and of 





(a) copper ring will get attracted turns 485 is revolving in a uniform magnetic field of 
(b) copper ring will get magnetised intensity 20 Wb/m? with a speed of 1800 rpm. Find the 
(c) a current flows in the magnet emf developed in the coil when it makes an angle of 
(d) current flows through copper ring. 60? with the field? 

36. A small piece of metal wire is dragged across the | (а) 45.7 x 10* V (b) 74.5 x 10* V 

gap between the poles pieces of a magnet in 0.4 sec. | (с) 4.75 x 10* V (d) 7.45 x 10* V. 
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45. A horizontal wire 0.1 m long carries a current of 
5 A. Find the magnitude and direction of an independent 
magnetic field which can support the weight of the wire, 
assuming its mass to be 3 x 10? kg nr!? 

(a) 58.8 x 10? T, horizontal 

(b) 5.88 x 10? T, horizontal 

(c) 88.5 x 10? T, down vertical 

(d) 85.8 x 10? T, vertical. 


46. If the ratio of maximum and minimum intensities 
in an interference pattern is 36 : 1, the ratio of the 
amplitudes of the two interfering waves will be 

(a) 5:7 (b) 7:4 (c) 4:7 (d) 7:5. 


47. The equatuion, y = 0.15sin5xcos300! represents а 
stationary wave. The wavelength of this stationary wave 
will be 

(a) zero 

(c) 2.512 m 


(b) 1.256 m 
(d) 0.628 m 


48. Two rods of same material have diameters in the 
ratio 1 : 2 and lengths in the ratio 2 : 1. If the temperature 
difference between their ends is the same, the ratio of 
heats conducted by them in a given time will be 

(a) 8:1 (b) 1:8 (c) 4:1 (d) 1:4. 


49. A surface encloses in an electric dipole. The flux 
through the surface is 
(a) zero 

(c) negative 


(b) positive 
(d) infinite. 


50. When using a triode as an amplifier, the electrons 
are emitted by 

(a) anode and collected by cathode only 

(b) anode and collected by the grid and by cathode 
(c) grid and collected by cathode only 

(d) cathode and collected by anode only. 


S1. Calculate the velocity of sound in air at 20°C, when 
the atmospheric pressure is 76 cm of mercury. Given 
that y = 1.41 and density of air is 0.001293 gm per cc. 
at 0°C. 

(a) 344.7 m/s 
(c) 320 m/s 


(b) 375.4 m/s 
(d) 365.3 m/s. 


52. Most room heaters rely on 
(a) conduction (b) radiation 
(c) convection (d) all of these. 


53. Electrical fuses are usually made of 
(a) copper (b) aluminium 
(c) manganin (d) wood's metal. 
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54. Calculate the capacitance ofa parallel plate capacitor, 
the potential plate of which has an area 200 cm?. The 
distance between the plates is 1 cm and it is filled up 
by an abonite plate of S.I.C. = 3. 

(a) 77.4 e.s.u. (b) 47.7 e.s.u 

(c) 4.77 e.s.u (d) 477.0 e.s.u. 


55. A wire, having 1 mm? cross-sectional are carries а 
current of 3.2 ampere. If the drift velocity of the electrons 
be 2 cms", find the number of electrons per unit volume 
of the wire. Charge of an elect. on = 1.6 x 1071? coulomb. 


(a) 10!5 (b) 107 (c) 107? (d) 10%. 
56. Two batteries E,=15V E,=9V 

of e.m.f. 15 volt r,=0.9Q r,=0.6Q 

and 9 volt and =e 
internal 

resistances 0.9 } 
ohmand0.6ohm / 

respectively, are 

connected with R=10502 


10.5 ohm as shown in the figure. Calculate the current 
in the circuit? 


(a) 05А (b) 5.0A 
(c) 0.05A (d) 0.005 A. 


57. Find the electric 
intensity at А. 

(a) 0.3464 x 10!! N/C 
(b) 346.64 x 10!! N/C 
(c) 34.64 x 10!! N/C 
(d) 3.464 x 10!! N/C. +2e 


0.3m 





E 
58. Of the following quantities, which one has 
dimensions different from the others? 


(a) pressure 
(c) stress 


(b) torque 
(d) modulus of elasticity. 


59. If P and O are two vectors, then the correct relation 
is 

(a) Р+0=0-Р (b P+Q=Q+P 

(с) PxQ-QxP (d PxQ-P.Q. 

60. Magnifying power of a telescope is M. If the focal 
length of its eye-piece is doubled, then the magnifying 
power is 
(a) 2M 


(b) M (c) 3M (d) м. 
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61. Which of the following statements is not correct in | charge on an electron is rotating once per second in a 


respect to a body in uniform circular motion? 
(a) its kinetic energy is constant 

(b) its acceleration is constant 

(c) its speed is constant 

(d) its angular velocity is constant. 


62. When monochromatic light travels from air to another 
medium, say glass 

(a) frequency decreases (b) frequency increases 
(c) wavelength decreases (d) wavelength increases. 


63. A ball collides elastically with another ball of the 
same mass. The collision is oblique and initially one of 
the balls was at rest. After the collision the two balls 
move with same speed. What will be the angle between 
the velocities of the balls after the collision? 

(a) 30° (b) 45° (c) 60° (d) 90°. 


64. The orbital speed ofa satellite in a circular orbit of 
radius r about a spherical planet of mass M and mean 
density p for a low altitude orbit (r = r,) will be 


Бк 
(а) Was (b) /3nGp 
(d) J2Gp . 


(c) Jn/Gp 


65. Density of ice is p and that of water is с. What will 





be the decrease in volume when a mass M of ice melts? 
M b с-р 
(0 (sp) o и 
1 1 i11 1 
M|—-— —|--— 
(c) [ 1) (d) zl ||. 


66. A point source emits sound equally in all directions 
in a non-absorbing medium. Two points P and Q are at 
a distance 9 metre and 25 metre respectively from the 
source. The ratio of the amplitudes of the waves at P 
and O is 
(a) 25/9 (Ы) 9/25 


(c) 5/3 (d) 3/5. 


67. Two concentric spheres of radii R and r have similar 
charges with equal surface densities (c). What is the 


electric potential at their common centre? 
с с 
(a) — (p) —(К-”) 
с 
(с) —(R+r) (d) none of these. 


р 


68. A particle carrying a charge equal to 100 times the 
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circular path of radius 0.8 m. The value of the magnetic 
field produced at the centre will be (и, = permeability 
constant) 

(a) 107/15 
(c) 10 9/0; 


(b) 10-7 po 
(d) 107 po. 


69. The magnetic moment of a short magnet is 
8 amp. m?. What is the magnetic induction at a point 
20 cm away on its equatorial line from its mid point? 
(a) 107^ weber/m? (b) 2 x 10-* weber/m? 

(c) 3 x 10-* weber/m? (d) 4 x 10-4 weber/m?. 

70. A group ofelectric lamps having a total power rating 
of 1000 watt is supplied by an A.C. voltage 


E = 200 sin(310¢ + 60°). Then the rms value of the 
circuit current is 


(b) 10/2 amp 
(d) 2042 amp 


(a) 10 amp 
(c) 20 amp 


71. Time taken by the sunlightto pass through a window 
of thickness 4 mm whose refractive index is 1.5 is 
(a) 2 x 107? second (b) 2 x 105 second 

(c) 2 x 10-!! second (d) 2 x 10!! second. 


72. Angle of deviation (8) by a prism (refractive 
index = u and supposing the angle of prism А to be 
small) can be given by 


(a) 87 (u-1)4 (b) 87 (и * 1)A 
sin 4*5.) (и—1) 
ACER ON. $=—— 
У sin(A/2) @ (и +1) 


73. The amplification factor of a triode is 20. Its plate 
resistance is 10 kilo-ohm. Its mutual conductance will 
be 

(a) 2 x 10° mho 
(c) 500 mho 


(b) 2 x 10* mho 
(d) 2 x 10? mho. 


74. On increasing the reverse bias to a large value in 
a P-N junction diode, the current 

(a) increases slowly (b) remains constant 

(c) suddenly increases (d) decreases slowly. 


| 75. A long straight conductor, I 


carrying a current /, is bent to form 

an almost complete circular loop of. r 
radius r. The magnetic field at the 

centre of the loop has magnitude 


Hy ] 
e 801-4) i 
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Hal B. 1 
—-—(1-n у ——|1-— 
(He (1n) t) > | = 
Mol 1 \ 
——| l+ 
(d) 2r | . n] 
76. Which of the following statements is correct? 


A charged particle can be accelerated by a magnetic 
field. 

A charged particle can not be accelerated by a 
magnetic field. 

The speed of a charged particle can be increased 
by a uniform magnetic field. 

The speed of a charged particle can be increased 
by a non-uniform magnetic field. 


(a) 
(b) 
(с) 
(4) 


77. Suppose the earth stops rotating about its axis. Then 


the value g at the equator would : 


(a) become zero (b) remain unchanged 
(c) increase by œ? А (d) decrease by o? А 
78. A thin prism P of angle 4? and made of glass of 


refractive index 1.54 is combined with another thin prism 
P' of refractive index 1.72 for dispersion without 
deviation. The angle of prism of P’ will be 

(a) 26° (b) 4? (c) 5.33? (d) 3°. 


79. |f the velocity of sound in hydrogen is 1500 m, 
then its velocity in a mixture of three parts of oxygen 
and two parts of hydrogen by volume wili be 

(a) 385.7 m/s (b) 474.4 m/s 

(c) 536.3 m/s (d) 676.9 in/s. 


80. 56 tuning forks are arranged such that each fork 
produces 4 beats per second with its preceding fork. 
The frequency of the last fork is three times that of 
first. The frequency of the first fork will be 

(а) 220 Hz (b) 110 Hz (c) 330 Hz (d) 440 Hz. 


81. A metal wire of length Z, area of cross-section A 
and Youngs modulus Y behaves as a spring of spring 
constant 


(д es (бу des 
L L 

YA YL 

kz— d k-—. 

O ke77 @ к= 


1 
82. If y= ore x is the equation of a trajectory, find 


the time of flight. 


v2 


Que Ou ub 8 NERA 
z g g 2g 
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83. Two springs A and B are alike and W is the work 
done in stretching the spring. 4 is stiffer than B 
(К+ > ky). If they are elongated through the same distance, 
then 

(а) W,» Wy 
(с) Wa = W, 


(b) Wa < Wy 
(d) none of these. 


84. A solid sphere rolls on an inclined plane with an 
acceleration of 3.5 m/s?. The angle made by the incline 
with the horizontal is 
(a) 30? (b) 45? 


(c) 60? (d) 75°. 


85. What will be the number of molecules in 10% m? 
air at 10? N/m? pressure and 300 K temeperature? 
(Boltzmann's constant = 1.38 x 1072 ЈК-!) 

(a) 32.0 x 105 (b) 3.2 x 102 

(c) 2.3 x 10?! (d) 2.3 x 109, 


86. 
(a) 
(c) 
(d) 


87. 
(a) 
(c) 
(d) 
88. 
(a) 
(b) 
(c) 


89. 64 water drops alike in all respects have been charged 
to the same potential. Their total electrostatic energy is 
E. All these drops combine to form one big drop. The 
energy of the big drop will be 


A red hot body emits 

thermal radiations (b) ultraviolet rays 
thermal radiation alongwith red light 

all of these. 


The dispersive power of a prism depends on 
angle of the prism (b) material of the prism 
angle of the prism and material of the prism both 
none of the angle of prism and material of prism. 


Line spectrum is obtained from 
yellow light of candle 
light of electric bulb 


Bunsen burner (d) sodium lamp. 


(a) 8E (b) 16£ (c) 32E (d) 4E. 
90. Kilowatt hour is the unit of 
(a) energy (b) power 


(c) electric charge (d) electric current. 


91. Two separate straight conductors carry parallel 
currents in opposite directions. They will 

(a) attract each other (b) repel each other 

(c) neither attract nor repel each other 

(d) try to be perpendicular to each other. 


92. Identify the following sketch. 


(a) P-N-P transistor Б 


(Б) N-P-N transistor 
(c) PN junction diode (4) photocell. 
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93. For aring, disc, solid sphere and spherical shell of 
same mass and radius the moment of inertia about an 
axis passing through their centre will respectively be 
maximum and minimum in case of 

(a) ring and disc (b) ring and spherical shell 
(c) ring and solid sphere 

(d) solid sphere and spherical shell. 


94. For a photoelectric cell, the graph showing the 
variation of cut-voltage (Vo) with frequency (v) of incident 
radiation is 


LU VO 
V, V. 
(a) (b) 

D——P» 


U— 


| | А 
V, V, 
(с) (4) 
v —> 


о > 


95. A uniform electric field Е is directed along 
+х-ахіѕ. If the potential V is 0 at x = 0, then the potential 
at a point +x will be 
(a) —хЕ (b) xE 


(c) xE (d) —х?Е. 


96. A 500 uF capacitor is charged at a steady state of 
100 АС per second. A potential difference of 10 volt 
will be developed between the capacitor plates after 
(а) 5 ѕес (Б) 10sec (с) 20 sec (d) 50 sec. 


97. Pick cut the incorrect statement. 

(a) 1 volt x | coulomb = 1 joule 

(b) 1 volt x | ampere = 1 joule/sec 

(с) 1 volt x 1 watt = 1 horse-power 

(d) watt-hour can be expressed in electron volt. 


98. The SI unit of magnetic field is tesla (T). It may 
also be written as 
(a) JA? m? 
(c) ТА! m? 


(b) JA! m^! 
(d) ЈА-! m”. 


99, The correct sequence of diamagnetic, paramagnetic 
and ferromagnetic substances respectively is 

(a) liquid oxygen, magnetite, water 

(b) water, liquid oxygen, magnetite 

(c) liquid oxygen, water, magnetite 

(d) none of these. 
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100. When a glass rod rubbed with silk is brought near 
the gold leaf electroscope, the leaves diverge. The charge 
on the leaves is 

(a) positive 

(b) negative 

(c) either positive or negative 

(d) equal and opposite. 
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(For Q.No. 1 to 60) Only one option is correct and there will be negative marking in these questions. 


1. Thereisasmall hole in the bottom ofa fixed container 
containing a liquid upto a height 5. The top of the liquid 
as well as the hole at the bottom are exposed to 
atmosphere. As the liquid comes out of the hole, (area 
of the hole is a and that of the top surface is А) 

(a) the top surface of the liquid accelerates with 
acceleration = g 

(b) the top surface of the liquid accelerates with 

2 


acceleration — АР 
y 


(c) the top surface of the liquid retards with 


a 
retardation = g 4 


(d) the top surface of the liquid retards with 


retardation — à ; 
2. Ahollow smooth uniform 
sphere A of mass m rolls 
without sliding on a smooth 
horizontal surface. It collides 
elastically and head on with 
another stationary smooth solid sphere B of the same 
mass m and same radius. The ratio of kinetic energy of 
B to that of 4 just after the collision is 
(а) 5:2 (6) 1:1 (C) 2:33 (d) 3:2. 


3. А string of length / is fixed at both ends. It is vibrating 
in its 3'* overtone with maximum amplitude a. The 
amplitude at a distance //3 from one end is 
(a) a (b) 0 

Ма 
(С) сә 


- 


z 





(d) a/2. 


4. Inthefigure shown, a parallel beam of light is incident 
on the plane of the slits of a Young's double slit 
experiment. Light incident on the slit, 5, passes through 
a medium of variable refractive index и = 1 + ax (where 





x is the distance from the 
plane of slits as shown), upto 
a distance / before falling 
on 5,. Rest of the space is 
filled with air. If at O a 
minima is formed, then the 
minimum value of the 
positive constant a (in terms 
of / and wavelength A in air) is 

(a) АЛ (b) A/P 

(c) P/A (d) none of these. 


5. Three infinitely long line charges are arranged along 
the three co-ordinate axes. The magnitude of electric 
field at a point P (a, a, a) is [A = charge per unit length 
on each line charge, k = 1/47=,] 


2kA 6kA 6kA 
(a) PE (b) go (с) F (d) 





Screen 





2V3kA 
a 


6. Abobisattached to a long, light string. The string 
is deflected by 30? initially with respect to vertical. 
The length of the string is 1 m. The value of 0 at any 
time t after the bob has been released is (Use g = т?) 
(a) 30?cosnt (b) 30°5іпл/ 

(c) 30?sin(nt + 30°) (d) none of these. 


7. A ring of radius R 
having a linear charge 
density À moves towards 
a solid imaginary sphere 
of radius R/2, so that the centre of ring passes through 
the centre of sphere. The axis of the ring is perpendicular 
to the line joining the centres of the ring and the sphere. 
The maximum flux through fhe sphere in this process is 
AR AR ATR ATR 


a О ie КС (d) Зе 


8. Two particles P and Q describe simple harmonic 
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motions of same period, same amplitude along the same 
line about the same equilibrium position O. When P 
and О are on opposite sides of О at the same distance 
from O they have the same speed of 1.2 m/s in the 
same direction, when their displacements are same they 
have the same speed of 1.6 m/s in opposite directions. 
The maximum velocity in m/s of either particle is 

(a) 3 (b) 2.5 (c) 2.4 (d) 2. 


9. Ifwe assume that penetrating power of any radiation/ 
particle is inversely proportional to wavelength of the 
particle then 

(a) aproton and an a-particle after getting accelerated 
through same potential difference will have equal 
penetrating power 

penetrating power of a-particle will be greater than 
that of proton which have been accelerated by same 
potential difference 

proton's penetrating power will be less than 
penetrating power of an electron which has been 
accelerated by the same potential difference 
penetrating powers can not be compared as all these 
are particles having no wavelength or wave nature. 


(b) 





(c) 


(d) 


10. 
(a) 


A hydrogen atom is in the 4" excited state, then 
the maximum number of possible transitions will 
be 10 

(b) the maximum number of possible transitions will | 
be 6 

it can emit three photons in ultraviolet region 

if an infrared photon is generated, then a visible 


photon may follow this infrared photon. 


(c) 
(d) 





11. A free standing wall of height / and thickness / 
and density p, rests on a rough floor. A wind of speed 
v and density p, blows against the wall. Assuming air 
is stopped when it reaches the wall and there is sufficient 
friction on the ground so that the wall does not slide, 


the minimum velocity v so that the wall topples is 
V2 


Pag 
y E | 





(d) none of these. 


12. Minimum value of coefficient of friction, in the 
above question so that the wall only topples and does 
not slide for a given velocity v is 


Р.У у i 


p, 8f 9 gt 








Тру 
(а) 2p, at (b) (d) none. 
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13. Total friction force acting on the wall in the above 
question is (take length of wall to be 2) 
(а) p, tv? (b) р ЮУ? (с) р 


14. A striker is shot from a 
square carrom board from a 
point A exactly at midpoint of 
one of the walls with a speed 
2 m/sec at an angle of 45? with 
the x-axis as shown. The 
collisions of the striker with 
the walls of the fixed carrom 
are perfectly elastic. The 
coefficient of kinetic friction 
between the striker and board is 0.2. The coordinate 
of the striker when it stops (taking point O to be the 
origin) is 

1 l 


(d) p, itv. 





| (a) —m у= b) 0, —- 
2J2' 42 ' 242 
1 0 4 l 1 
sre SUMUS EY 
15. Consider a spherical planet rotating about its axis. 


The velocity of a point on its equator is v. The angular 
velocity of this planet is such that it makes apparent 
value of g at the equator half of value of g at the pole. 
The escape velocity for a polar particle on the planet 
expressed as a multiple of v is 

(a) v (b) 2v 

(c) 3v (d) data insufficient. 


16. The angular momentum of a particle about origin 
is varying as /, = 4t + 8 (S.I. units) when it moves 
along a straight line y = x — 4 (x, у in meters). The 
force acting on the particle would be 


(a) 1м (D2N (0 AN (d BN. 


17. The elongation іп а metallic rod hinged at one end 
and rotating in a horizontal plane becomes four times 
of the initial value. The angular velocity of rotation 
becomes 

(a) two times the initial value 

(b) half of initial value (c) onethird of initial value 
(d) four times the initial value. 


18. Number of identical photons incident on a perfectly 
black body of mass m kept at rest on smooth horizontal 
surface. Then the acceleration of the body if n number 
of photons incident per sec is (Assume wavelength of 
photon to be A) 


nh wie 
(a) 2nAm `” 








nh 2nnh 
Ат (с) Ат 


19. A spherical ball of mass 
4m, density с and radius r is 
attached to a pulley-mass system 
as shown in figure. The ball is 
released in a liquid of 
coefficient of viscosity т and 
density p (« 0/2). If the length 
of the liquid column is 
sufficiently long, the terminal 
velocity attained by the ball is 
given by (assume all pulleys to 
be massless and string as massless and inextensible) 





1r (20 --p)g I r*(o-2p)g 
(a ge te ) gu 

1 r'(c —- 4p)g l1 r(o-3p)g 
(© 5 "n ET n 


20. A capillary of the shape as 
shown is dipped in a liquid. Contact 
angle between the liquid and the 
capillary is-0° and effect of liquid 
inside the meniscus is to be 
neglected. 7 is surface tension of 
the liquid, r is radius of the meniscus, g is acceleration 
due to gravity and p is density ofthe liquid then height 
h in equilibrium is 
| 





(a) greater than 27/rpg (b) equal to 27/rpg 
(c) less than 27/rpg 
(d) of any value depending upon act. 


21. As shown in the I 
figure, three sided frame 
is pivoted at P and O and 
hangs vertically. Its sides 
are of same length and 


have a linear density of 3 kg/m. A current of 





10/3 ampere is sent through the frame, which is ina | 
uniform magnetic field of 2 T directed upwards as shown. | 
Then angle through which the frame will be deflected 
in equilibrium is (Take g = 10 m/s?) 





(a) 30° (b) 45? (c) 609 (d) 90°. | 
22. A parabolic wire Y 
as shown in the 


figure is located in 
x - y plane and carries 
a current /= 10 amp. 
À uniform magnetic 
field of intensity 


242 T, making an angle of 45? with x-axis exists 
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throughout the plane. If the co-ordinates of end point 
P of wire are (2 m, 1.5 m), then the total force acting 
on the wire is 

(a) 40 Nk (b) 1ONK 

(с) -10 NÅ (d) -40 Nk. 

23. The gas law PV/T = constant for a given amount 
of a gas is true for 

(a) isothermal change only 

(b) adiabatic change only 

(c) both isothermal & adiabatic changes 

(d) neither isothermal nor adiabatic change . 


24. A hot black body emits the energy at the rate of 
16 J m? s^! and its most intense radiation corresponds 
to 20,000 A. When the temperature of this body is further 
increased and its most intense radiation corresponds 
to 10,000 A, then the energy radiated in Jm? s^! will 
(b) 1 


(c) 64 (d) 256 


25. A wall is made of two layers A and B of the same 
thickness but different materials. The thermal 


| conductivity of A is twice that of B. In steady state, 


the temperature difference across the wall is 36°C. The 
temperature difference across the layer A is 
(а) 6C (Ы) 12°С (с) 18°C (d) 24° C. 


26. An ideal monoatomic gas initially at 300 K 
undergoes an isobaric expansion at a pressure of 
2.5 kPa. If the volume increases from 1 m? to 3 m?, 
then heat added to the gas and its final temperature 
respectively are 

(а) 12500 J, 450 К 
(c) 12500 J, 900 K 


(b) 12500 J, 600 K 
(d) 25000 J, 1200 K. 


27. А plane mirror 
forms image 7 of an 
object O kept 10 cm from 
the mirror. It is found that о 10cm { 


when a planoconcave 
thin lens is placed in front of and in contact with the 
mirror (plane surface of lens in contact with mirror), 
the position of image formed by plane mirror does not 
change. Then the refractive index of lens and radius 
of curvature of its curved surface are respectively 

(a) 1.5, 10 cm (b) 2.5, 10 cm 

(с) 42 , 10cm (d) all ofthese are possible 


28. Anobjectand a plane mirror 
are shown in figure. Mirror is 
moved with velocity v as shown. 
The velocity of image is 


object (fixed) y 
е 


PE, 


miror 


PHYSICS FOR YOL | MARCH '06 








(a) 2у5іпӨ 
(c) 2vcos0 


(b) 2v 
(d) none of these 


29. Monochromatic 
light rays parallel to ` 
X-axis strike a convex 
lens AB. If the lens 
oscillates such that AB 
tilts upto a small angle 
0 (in radian) on either 
side of Y-axis, then the amplitude of oscillation of image 
will be (f= focal length of the lens) 





(a) fsecO (b) f'sec?0 
(c) 702/2 (d) the image will not move. 
30. It is found 


.that all C 
vacuum 


electromagnetic signals sent from 
A towards B reach point C. The 
speed of electromagnetic 
signals in glass cannot be 
(a) 1.0 x 10* m/s 

(b) 2.4 x 10? m/s 

(c) 2 x 107 m/s 





(d) 4 x 107 m/s 


31. Figure shows an f-10cm | f-5cm 
object placed in front of 6 
a lens of focal length —> 
10 cm, at a distance 
20 cm from the lens. On : 

20 cm d 


the other side, a convex 
mirror (f= 5 cm) (with same principle axis as that of 
lens) is placed such that all light rays after refracting 
through lens strike the mirror simultaneously. The 
distance between the mirror and the lens is 

(a) 5 cm (b) 10 ст 

(с) 30 ст (d) cannot be determined 
A uniform 


32. A conducting 4 
rod AB moves é E y 
eB i 
Г T l x 
RE | 
magnetic field В " 
pointing out ofthe plane as shown in the figure. Required 


parallel to x-axis 
in the x-y plane. 

force to maintain a constant speed v of the rod is given 
by (initially capacitor is uncharged) 


(a) v,B^P QUU (b) vB? 
MEE R 
vB =U RC vB P WIRE 
w (р, d) eec 
(c) ( ; ) (d) R 


33. In the series-LCR circuit as shown in figure, the 
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heat developed in R=42 X,779 x -49 
80 seconds and 

amplitude of 

wattless 

current is 

(5 A000, ЗА E —25sin(10074 + 7/2) 

(b) 8000 J, 3A 

(c) 4000 J, 4A (d) 8000 J, 5A 

34. In the given circuit, the 3 uF 
potential difference across the 

capacitor (in steady state) is 

24 V. Each resistance is of 

6 Q. If the cell is ideal, ћеп [М 
emf of the cell is 

(а) 30 V 

(b) 9 V 

(c) 12 V (d) 40 V. 


35. A loop of a string of mass per unit length u and 
radius R is rotated about an axis passing through centre 
perpendicular to the plane with an angular velocity w. 
A small disturbance is created in the loop having the 
same sense of rotation. The linear speed ofthe disturbance 
for a stationary observer is 

(a) WR (b) 20А 

(с) 3WR (d) zero. 


PASSAGE -1 : (Read the following passage and 
answer the questions numbered 36 to 40. They have 
only one correct option) 

Changing from a circular to an elliptical orbit 
Let us identify the system as the spacecraft and the 
earth but not the portion of the fuel in the spacecraft 
that we use to change the orbit. In a given orbit, the 
mechanical energy of the spacecraft - earth system is 
given by E = -GMm/2r. 

This energy includes the 


: А elliptical 
kinetic energy of the A nt 904 Ti: 
spacecraft and the est К 
potential energy : / : 
associated with the : .-*-. | 
gravitational VE m 
force between the % I 


be d . 
7-e«2 — 9 rocket engine 
is fire here 


spacecraft and the earth. 
If the rocket engines are 
fired, the thrust force moves the spacecraft 

through a displacement. As a result, the mechanical 
energy of the spacecraft - earth system increases. The 
spacecraft has a new higher energy but is constrained 
to be in an orbit that includes the original starting point. 
It cannot be in a higher energy circular orbit having a 


9 








larger radius because this orbit would not contain the | 
starting point. The only possibility is that the orbit is 
elliptical as shown in the figure. | 





Above equation gives the energy of the spacecraft- earth 
system for an elliptical orbit where a is semimajor axis. 
Thus if we know the new energy of the orbit, we can 
find the semi-major axis of the elliptical orbit. 
Conversely, if we know the semi-major axis of an | 
elliptical orbit we would like to achieve, we can calculate 
how much additional energy is required from the rocket 
engines. 

A spacecraft is moving in a circular orbit around the | 
earth (radius 6400 km), at a height of 300 km from the 
surface. To place the spacecraft in an elliptical orbit, | 
the magnitude of the mechanical energy of the spacecraft- 
earth system is decreased by 10.0%. 


36. If the -spacecraft-earth system had initial energy 
(Ел). then the total mechanical energy of the system 
after firing the rocket will be 

(a) 1.15, (b) — 0.9E, 

(c) —% (d) none of these. 


37. Semimajor axis of the new elliptical orbit is 
(a) 7437 km (b) 6700 km 
(c) 7370 km (d) none of these. 


38. The maximum distance from the centre of the earth 
to the spacecraft is 
(a) 6700 km 
(c) 7437 km 


(b) 8174 km | 
(d) 7874 km. 


39. Maximum height ofthe spacecraft above the surface 
of the earth will be 
(a) 970 km 
(c) 300 km 


(b) 1474 km 
(d) 1774 km. 


40. Minimum distance ofthe spacecraft from the surface 
of the earth is 

(a) 900 km (b) 1474 km 

(c) 300 km (d) 1774 km. 


PASSAGE £ 2 : (Read the following passage and 
answer the questions numbered 41 to 45. They have 
only one correct option) 
Chromatic Aberration 

The image of a white object in white light formed by a 
lens is usually coloured and blurred. This defect of 
image is called chromatic aberration and arises due to 
the fact that focal length of a lens is different for different 
colours. As и of lens is maximum for violet while | 
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|! This condition is called condition of achromatism (for 
| two thin lenses in contact) and the lens combination 


minimum for red, violet is focused nearest to the lens 
while red farthest from it as shown in figure. 
Р, 


white light 





As aresult of this, in case of convergent lens if a screen 
is placed at Fy centre of the image will be violet and 
focused while sides are red and blurred. While at Fp, 
reverse is the case, i.e., centre will be red and focused 
while sides violet and blurred. The difference between 
fy and fr is a measure of the longitudinal chromatic 
aberration (L.C.A), i.e., 








L.C.A. = fe- fe = -df with df= fp- fie e CT) 
However, as for a single lens, 
1 | 
e б] eee 
(H IE + _ (2) 
i df 1 1 
— = (d Р ЗИН. 
аа; f E + .. (3) 
Dividing eqn. (3) by (2); 
та ый 
f (и-1) 
Е ац | i i 
(u- D. = dispersive power (4) 
And hence, from eqns. (1) and (4), 
L.C.A. = -df= wf 


Now, as for a single lens neither fnor о can be zero, 
we cannot have a single lens free from chromatic 
aberration. 

Condition of Achromatism : 

In case of two thin lenses in contact 


Lukgl .dF d^ df 

ыа h abe RAS 
The combination will be free from chromatic aberration 
if dF-0 

Л ОЛ 
which with the help of eqn. (4) reduces to 

OA, 9. E Le., 2 92.9 4 (5) 

Í РА Loh 


which satisfies this condition is called achromatic lens, 
From this condition, i.e., from eqn. (5) it is clear that 
in case of achromatic doublet : 
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(1) The two lenses must be of different materials. 


Since, if о, =0., E indi 


Л f 
TALET or, F=% 
F 


i.e., combination will not behave as a lens, but as a 
plane glass plate. 

(2) As о, and о, are positive quantities, for eqn. (5) 
to hold, fi and f£, must be of opposite nature, i.e., if 


one of the lenses is converging the other must be | 


diverging. 
(3) If the achromatic combination is convergent, 


f 4 
fc <fy and as -—— = —-. Oc «0, 
p ©} 
ie., in a convergent achromatic doublet, convex lens 
has lesser focal length and dispersive power than the 


divergent one. 


41. Chromatic aberration in the formation of images 
by a lens arises because : 

(a) of non-paraxial rays 

(b) the radii of curvature of the two sides are not same. 
(c) of the defect in grinding. 

(d) the focal length varies with wavelength. 


42. Chromatic aberration of a lens can be corrected 

by 

(a) providing different suitable curvatures of its two 
surfaces. 

(5) proper polishing of its two surfaces. 

(c) suitably combining it with another lens. 

(d) reducing its aperture. 


43. A combination is made of two lenses of focal lengths 


Гапа f" in contact, the dispersive powers of the materials | 


of the lenses аге w and w. The combination is achromatic 
when 

(а) W = Wo, 0 = 200, f’ = 2f 

(b) w = Wo, W = 20, f! = f/2 

(c) W = Wo, W = 200, f! = —f/2 

(d) o = Wo, W = 20, f’ = 2f. 


44, The dispersive power of crown and flint glasses 
are 0.02 and 0.04 respectively. An achromatic converging 
lens of focal length 40 cm is made by keeping two 
lenses, one of crown glass and the other of flint glass, 
in contact with each other. The focal lengths of the 
two lenses are 

(a) 20 cm and 40 cm 
(c) -20 cm and 40 ст 
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(b) 20 cm and -40 cm 
(d) 10 cm and —20 ст. 





45. Chromatic aberration in a spherical concave mirror 
is proportional to 
(a) f 

(c) Vf 


PASSAGE - 3 : (Read the following passage and 

answer the questions numbered 46 to 50. They have 

only one correct option) ў 
Energy balance for the earth 

Energy arrives at the earth by electromagnetic radiations 

from the sun. This energy is absorbed by the surface 

of the earth and reradiated out into space according to 


(b) 7? 


(d) none of these. 


| Stefen’s law. The only type of energy in the system 
| that can change due to radiation is internal energy. Let 


us assume that any change in temperature of the earth 
is so small over atime interval that we can approximate 
the change in internal energy as zero. 

Thus Heron + Herout = 0 

= Herm) = — Herouty - 

Where the IN and the OUT refer to energy transfers 
across the boundary of the system of the earth, as shown 


in figure. 
ers, 
"S Fad 
br e» » 
& к 
rae 
in from the sun 
= Ha 


The rate of energy transfer per unit area from the sun 


energy radiated 
from the earth into 
space = Hus 


energy commg 


| is approximately 1340 W/m? at the top of atmosphere, 


which is called solar constant /,. Not all of the radiation 
arriving at the top of the atmosphere reaches the ground. 
A fraction approximately 30% of it is reflected from 
clouds and the ground and escapes back into space. 
Stephen’s law can be used to express the outgoing power, 
assuming that the earth is a perfect emmiter. Using the 
equation and the facts, calculation shows that result is 
significantly lower than the average global temperature 
288 K, determined using actual measurements. This 
difference indicated that a major factor was left out of 
the analysis. 

This is the thermodynamic effect of the atmosphere, 
which results in the additional energy being trapped 
in the system of the earth and raising the temperature. 
The energy balance concept is certainly valid and the 
earth, as a system, must emit energy at the same rate 
as it absorbs. Thus the value obtained using the energy 
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balance concept is the temperature associated with | 


radiation leaving the top of the atmosphere - it is not 
the temperature at the surface of the earth. 


46. If radius of the earth is 6400 km, then net input 
power received by surface of the earth is nearly equal 
to 

(a) 1.2 x 10!7 watt 
(с) 4.8 x 10" watt 


(b) 1.7 x 10!7 watt 
(d) 3.6 х 10!? watt 


47. According to the concept of energy balance, the 
temperature of the earth should be 
(а) 312 К (b) 296K (c) 254K (а) 288K 


48. At moon, if solar constant /, = 567 W/m?, then its 
equilibrium temperature is approximately equal to 
(a) 300 К (b) 224K (c) 254K (d) 288K 


49. I. Energy balance concept can correctly predict 
temperature of surface of a planet/satellite provided 
there is no atmosphere on the planet/satellite. 

II. Ifenergy balance concept is used for planets/satellite 
with atmosphere, it can find out temperature of top of 
the atmosphere, not of the surface. 

(a) both I and II statements are correct 

(b) both I and II statements are incorrect 

(c) statement 1 is correct and II is incorrect 

(d) statement I is incorrect and II is correct 


50. If solar constant for earth and the mars is /, and /,, 
respectively, then the ratio of average sun-earth distance 
and sun-mars distance is 

NEA UNI A 
о ул OT Ol шур 
PASSAGE - 4: (Read the following passage and 
answer the questions numbered 51 to 55. They have 
only one correct option). 

Magnetic Properties of Matter 

All magnetic fields are due to electric charges in motion. 
If for example, one were to examine a piece of magnetic 
material in an atomic scale, he would find tiny current 
elements created by to distinct and independent processes 
: Electrons orbiting around nuclei and spinning on their 
axes. We may treat these current loops as magnetic 
dipoles, and thus conclude that each electron constitutes 
a magnetic dipole. But these electrons within a given 
atom lock together in pairs with opposing spins, and 
thus effectively neutralise the magnetic moment of each 
other. Only atoms and molecules with an odd number 
of electrons may possess a net magnetic diploe moment. 
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Such materials are said to be paramagnetic (for example 
: Mn?*). Materials in which individual atoms or molecules 
have no net magnetic dipole moment are said to be 
diamagnetic (for example : Cu?). 

Even if an atom has a net magnetic moment, a finite 
sample of the material will have zero magnetic moment 
because of random orientation of the atoms. But when 
a magnetic field is applied, a net alignment of magnetic 
dipole occurs and the medium becomes magnetically 
polarized or magnetized. Unlike electric polarization 
which is always in the same direction as E . 
magnetisation can be both parallel (paramagnets) and 
antiparallel (diamagnets) to B. 

A few materials (called ferromagnetic in reference to 
their most common example, iron) retain substantial 
magnetisation even after the external field has been 
removed - for these magnetisation is dependent not 
just on the present field but also on the magnetic history 
of the object. 

When placed in an external 
magnetic field paramagnetic 
substances acquire 
magnetisation due to 
alignment of atomic dipoles. 
But what about diamagnetic 
materials? 

Consider an electron revolving in its orbit with a magnetic 
field applied perpendicular to its plane of motion. 
Whereas the centripetal acceleration (v?/r) is ordinarily 
sustained by electrical forces alone, 





my _ 1 e 
г 4ne,7° 
Now the magnetic force also has a role to play, thus 


changing the orbital velocity to v’ 


X d +еуВ= T 

ATE, Р r 
(under the conditions shown in the above diagram the 
new speed v' is greater than v. If B were in opposite 
direction magnetic force would be opposite to the electric 


force and thus v’ would be less than v). 





т. (у + у)(у - v) 
, 





f m, 
ev B = (р? -v°)= 
r 
Ў i erB 
assuming (v — v) = Av <<у, we get Av = — 
Orbital magnetic moment being directly proportional 
to orbital angular momentum, a change in orbital speed 
means a change in orbital magnetic moment. 
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22р 

Ат = zl ovr - EE 
2 4m. 

Notice that this, change is magnetic moment is opposite 
to the direction of the applied field. In ordinary 
unmagnetised matter all electron orbits are randomly 
oriented and thus the orbital magnetic moments cancel 
out. But in presence of magnetic field each atom picks 
up a little extra dipole moment and these increments 
are all antiparallel to the field. This is the mechanism 
responsible for diamagnetism. Evidently it is a universal 
phenomenon affecting all atoms. However, it is typically 
much weaker than paramagnetism and is therefore 
observed mainly in atoms with paired electrons where 
paramagnetism is absent. 


of two factors. A spin component and an orbital 
component. Choose the correct option. 

(a) only the spin component is responsible of 
paramagnetism 

only the orbital component is responsible for 
paramagnetism 

both spin and orbital component together account 
for paramagnetism 

both spin and orbital component together account 
for diamagnetism. 


(b) 
(c) 


(d) 


Choose the incorrect statement. 

all ferromagnetic materials are diamagnetic too 
all ferromagnetic materials are paramagnetic too 
all paramagnetic materials are diamagnetic too 
all diamagnetic materials are paramagnetic too 


52. 
(a) 
(b) 
(с) 
(4) 


53. The orbital magnetic moment of an electron is 
directly proportional to the orbital angular momentum 
M =K -L . The value of К (according to the passage) 
is 

(a) e/2m, (c) 2e/m, 


(b) e/m, (d) 3mJ2. 


54. The fractional change in orbital magnetic moment 
of an electron іп Li?* revolving іп an orbit of radius r 
when exposed to a magnetic field of 1 tesla perpendicular 
to its orbital plane is 

















[RE I [тє 
(а) Y 2т (b) yom, 
l4ng,r Ing 
(e) | 3m (d) \ 3m, 


55. Samples of manganese chloride (MnCl,), cuprous 
oxide Си„О and metallic iron were picked up from a 
meteor X by a suitable space probe and send back to 
earth. Similar samples picked from another meteor Y 
were also send back to earth. When these samples were 
exposed to the same magnetic field at a laboratory on 
earth, choose the incorrect statement : 

(a) MnCl, from both X and Y will acquire the same 
magnetisation 

Си,О from both X and Y will acquire the same 
magnetisation 

iron from both X and Y will acquire the same 
magnetisation 

none of these 


(b) 
(c) 


(d) 


51. The magnetic moment of an electron comprises | PASSAGE - 5 : (Read the following passage and 


answer the questions numbered 56 to 60. They have 
only one correct option) 

Circus Act 
A new circus act was developed by Gemini circus. Riya 
(a circus girl) swings from a trapeze, projects herself 
at an angle of 53° as shown and supposed to be caught 
by Ravi, whose hands are 3.2 m above and 4.8 m 
horizontally from her launch point. 
Once Riya is projected, she moves freely under gravity. 
She requires certain minimum velocity vp to reach Ravi. 
This velocity may be evaluated by using equation of 
motion in 2-D. Once Riya reaches to Ravi, she is caught 
by Ravi. Now both move with same speed upward and 
both swing around suspension point O. 


Ravi 





In order to safe guard their lives, a safety net is provided 
4 m below the launching point of Riya. For all the 
following calculations take g ^ 10 m/s?. 
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56. In order to just reach Ravi, the initial speed of | 
Riya should be equal to | 
(а) 45 km/hr 


(b) 30 km/hr 
(c) 36 km/hr 


(d) 24 km/hr 


57. In the above problem, at the instant when Riya 
reaches to Ravi, the magnitude and direction of her 

velocity is | 
(a) 21.6 km/hr, at 37° upward from horizontal. 





(b) 21.6 km/hr, in horizontal direction. 
(c) 16.2 km/hr, at 37° upward from horizontal. 
(d) 16.2 km/hr, in horizontal direction. 


58. In the above problem, if mass of Ravi is 2m and 
mass of Riya is m, then when riya is caught by Ravi 
both move together with the speed equal to 

(a) 9 km/hr (b) 6 km/hr 

(c) 7.2 km/hr (d) 4.8 km/hr 


59. If both move together further and both of them 
are considered as one mass system of 3m. Effective 
distance of this one mass system from suspension point 
is assumed to be 1 meter, then angle through which 

they deflect will be | 
(а) 309 (Ы) 37° (с) 53° (d) 60° | 








60. In their debut performance, once Ravi misses the 
Riya completely as she flies past. The horizontal distance 
through which Riya moves from the initial launch point 
before landing in the safety net 4 m below her initial | 
launch point is | 











(a) 10m (b)9m (с) 12m (4) 9.6m 
ANSWERS | 
l.«d)' 27 (djs 3с) а Ж b. 59d). | 
Boy Ww wy 5 Oy. 100 | 
1.(a) 12, (b)  13.(b) 14. (а) 15. (b) 
16. (c) 17. (а) 18. (b) 19. (Ы) 20. (Ы) 
21. (b) 22. (b) · 23. (c) 24. (d) 25. (Ы) 
26. (с) 27. (d) 28. (а) 29. (с) 30. (Ы) 
31. (b) 32. (a) 33. (a) 34. (а) 35. (b) 
36. (b) 37. (а) 38. (b) 39. (@) 40. (с) | 
4l.(d) 42. (c) 43. (d) 44. (b) 45. 


46. (а) 47. (с) 48. (D) 49. (a) 50. (а) 
51. (а) 52. (4) 53. (а) 54. (а) 55. (с) 
56. (с) 57. (b) 58. (с) 59. (b) 60. (c) 


(b) | 





Note : For detailed solutions please log on to our 
website www.resonance.ac.in 
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Exemplary 
Physics Teacher Award 


W^: realize that there are several great science 
and math teachers who have devotedly shaped 
the futures of their students. Their contributions 
are barely recognized and appreciated. 
To honour such dedicated masters and to share 
their techniques for the benefit of other students, 
we have decided to constitute the monthly 
‘MTG Exemplary Physics Teacher’ award. 
The students who have benefited are the best source 
of information for us about such great teachers. 
We invite students to propose the names of teachers 
for the award by writing to us, giving the following 
information. 
1. Student’s name, class, school, city, contact 
address, phone number, e-mail. 
Teacher’s name and career details, contact 
address, phone number, e-mail, subject 
(P/C/M/B), where does he teach, when did 
he teach you. 
Narrate an incident which demonstrates the 
techniques he/she uses to expand your 


thinking... (200 words). 
4. How did he influence your life. (100 words) 


Send your entries to .. 
MTG Learning Media (P) Ltd. 
406, Taj Apt. Ring Road, 
New Delhi - 110 029 
e-mail : info@mtg.in 


Every month the selected entry including the 
teacher’s profile will be published in Mathematics 


Today, Chemistry Today, Physics For You and 
Biology Today. 

The teacher will also be awarded a certificate, 
Rs. 1100 cash and a life-time subscription of the 
magazine. 
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Very Similar 
MODEL TEST PAPER 


for AIEEE-2006 






1. The dimensional formula representation for 
impedance of A.C. circuit is 

(a) [M?L?T] (b) [ML?T3A~7] 
(с) [ML?T ?А-!] (d) [ML!T-3A?]. 
2. Figure shows the 
acceleration-time graph of a t 

particle. Which of the 4 
following represents the 
corresponding velocity-time 

graph? 


A Жыш 
| а 


(c) > (ат 


i 1 


— | 


| 


(b) à 


3. А train of length 200 m travelling at 30 ms” overtakes 
another train of length 300 m travelling at 20 ms'!. The 
time taken by the first train to pass the second is 
(a) 20s (Б) 305 (c) 40s (d) 50 s. 


4. If Ax B - 0 and BxC =0 then the value of AxC 
is 

(a) 0 

(c) .4Ccos0 


(b) ACsin®n. 
(d) ABtan8. 


5. Ап aeroplane flying at a constant speed releases а 

bomb. As the bomb moves away from the aeroplane, it 

will 

(a) always be vertically below the aeroplane if the 
aeroplane was flying horizontally 

(b) always be vertically below the aeroplane if the 
aeroplane was flying at an angle of 45? to the 
horizontal 

(c) always be vertically below the aeroplane 
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(d) gradually fall behind the aeroplane if the aeroplane 
was flying horizontally. 


6. Two weights w, and w, are connected Бу а light 
thread which passes over a light smooth pulley. If the 
pulley is raised upwards with an acceleration equal to 
g, then the tension in the thread will be 


2м) WW 
(a) ——- (b) wert. 
Wy + Wa w + w 
4mw Aww, 
(C) e (d) cem 
Wi +w Wi— э» 


7. A beaker containing water is lying on the pan of a 
spring balance. If one dips his finger in the water without 
touching the beaker, then the reading of the spring balance 
will 

(a) become zero 
(c) decrease 


(b) not change 
(d) increase. 


8. A person standing on the floor of a lifts drops a 
coin. The coin touches the floor after t, second if the 
lift is at rest and after ¢, second if the lift is moving 
with a uniform velocity v upwards, then 

(а) t& = t; (b) л> 

(с) t €t (d) none of these. 


9, Two billiard balls of the same size and mass are in 
contact on a billiard table. A third ball of the same size 
and mass strikes them symmetrically and remains at 
rest after the impact. The coefficient of restitution between 
the balls is 
(a) 2/3 (b) 2/4.1 


(c) 1/7 (d) 1/8. 


10. The linear momentum of a body is increased by 
50%. The kinetic energy will be increased by 
(a) 25% (ЫЬ) 50% (c) 100% (d) 125%. 


11. Three identical cars A, B and C are moving at the 
same speed on three bridges. The car A goes on a plane 
bridge, B on a bridge convex upward and C goes on a 
bridge concave upward. Let F4, ЕЁ» and F, be the normal 
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forces exerted by the cars on the bridges when they are 
at the middle of the bridges, then 

(a) F, is maximum of the three forces 

(b) Ку is maximum of the three forces 

(c) Р. is maximum of the three forces 

(d) Fy = Fy = Fi. 


12. If r denotes the distance between the sun and the 
earth, then the angular momentum of the earth around 
the sun is 


(a) avr 


13. Three identical rings, } 
each of mass M and radius 
R are arranged as shown in 
figure. The moment of inertia 
of the arrangement about YY 


(b) mr (c) mr (d) = P2, 


"5 T 
1 > 
(a) zM Ro 
(b) MR? у” 
Sc Tip peers 
(c) 5 МК (d) 5 MR 
14. Two planets have radii in the ratio x : y and density 


in the ratio н: n. The acceleration due to gravity g is 
in the ratio 
(a) nx : my 
(с) тх: ny 


(b) ny : тх 
(d) my : nx. 


15. A tunnel is dug along a diameter of the earth. If M, 
and R, are the mass and radius respectively of earth, 
then the force on a particle of mass m placed in the 
tunnel at a distance r from the centre is 











(a) GM,m (b) GM m 
a aa = 
RJ RF 

3 СМ.т 

(с) GM,mR. (d) 23 j 
r ? 


16. A heavy stone is attached to a thin wire and is whirled 

in a vertical circle. The wire is most likely to break 

when the stone is at the 

(a) highest point (b) lowest point 

(c) middle-point, between lowest and highest points, 
of the circle 

(d) position where the wire makes an angle of 45? with 

the diameter. 


17. The Young's modulus of brass and steel are 
10 x 10'? Nm? and 2 х 10!! Nm? respectively. A brass 
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wire and a steel wire of the same length are extended 
by 1 mm under the same force. The radii of the brass 
and steel wires аге Ry, and А; respectively. Then 


ч К 

(а) Ry =V2R, (b) 87 
R 
(c) Ry= 4R; ( =: 


18. A body floats with 1/3 of its volume outside water 
and 3/4 of its volume outside another liquid. The density 
of other liquid is 


ы отг b ы gcm” 
— {т nm » i 
(a) А” (b) 9 
8 =3 3 -3 
(c) = gcm (d) —gem 
5 9 
19. On mixing the salt in water, the surface tension of 


water will 
(a) increase 
(c) remain unchanged 


(b): decrease 
(d) none of these. 


TK 


20. Figure shows the 
pressure P versus 
volume } graphs fora 
certain mass of a yas 
at two constant 
temperatures 7, and 7>. 
Which ofthe following 
inference is correct? 
(a) T, 7 T; 
(c) 7, « T; 
(d) no inference can be drawn due to insufficient 
information. 





(b) 7> T3 


21. The temperature, at which r.m.s. velocity of helium 
molecules is equal to the r.m.s. velocity of hydrogen 
molecules at NTP, is 

(a) 100K (b) 300K 


(c) 502 K (d) 546 K. 


22. The temperature of equal masses of three different 
liquids A, Band C are 12°C, 19°C and 28°C respectively. 
The temperature when 4 and B are mixed is 16°C and 
when B and C are mixed is 23°C. The temperature when 
A and C are mixed is 

(a) 18.2°C (b) 20.3°С (c) 222?C (а) 24.2°C. 


23. 540 g of ice at 0?C is mixed with 540 g of water 
at 80?C. The final temperature of mixture is 

(a) 0°C (b) 40°C 

(c) 80°C (d) less than 0?C. 
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24. Three rods 90°C 
made of the same 
material and having 
the same cross- °С 
section have been 
90°С 


joined as shown іп 
figure. Each rod is of the same length. The left and 
right ends are kept at 0°С and 90°C respectively. The 
temperature of the junction of the three rods will be 
(a) 45°С (Б) 60°С (с) 30°C (d) 20°C. 


25. Two tuning forks of frequencies 256 Hz and 
258 Hz are sounded together. The time interval between 
consecutive maxima heard by the observer is 

(a) 2s (b) 0.5 s (c) 250 s (d) 252 s. 


26. The displacement y of a particle executing periodic 
motion is given by y = 4cos*(1/2 t) ѕ1п(1000/). This | 
expression may be considered to be a result of the 
superposition of independent harmonic motions 

(a) two (b) three (c) four (d) five. | 


27. A man measures the period of a simple pendulum 
inside a stationary lift and finds to be 7 s. If the lift 
accelerates upwards with an acceleration g/4, then the 
period of the pendulum will be 


(a) T (Ы) 2745 (oT (d) 7/4. 
28. A charge О is placed at the 

centre of a circle of radius R. 

The work done in movinga 4 


charge q from A to B so as to 


| 
B 











complete a semicircle is 
Qq 
(a) zero (b) dc. R 
Qq Qg 
(c) жк (9) ыл: 


| 
29. What is the total flux of electrostatic field due to | 
a charge of one coulomb? 
(a) Eq (b) 1/€ 


(с) Ea (d) l/g*. 


30. A parallel-plate capacitor is connected to a battery 

that has a constant terminal voltage. If the capacitor 

plates are pulled apart, 

(a) the electric field decreases and the charge on the 
plates also decreases 

(b) the electric field remains constant but the charge 
on the plate increases 
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(c) the electric field remains constant but the charge 
on the plate decreases 

(d) the electric field increases but the charge on the 
plate decreases. 


31. А parallel 
plate capacitor is 
filled with three 


dielectric of SS 
NM KREG 
nseto d A 


Then capacitance 
of the system is (given that plate area = A) 


AEn K,k Ki | - 
лог 


(b) E 

А Lat) +0 +1, 
ДЕ, 

AEn d) | —9 

| m | d | 


32. A wire / = 8.00 m long, of uniform cross-sectional 
area А = 8.00 mm’, has a conductance of G = 2.45 О-!. 
What is the resistivity of the material of the wire? 

(а) 2.1 x 107 S (b) 3.1 х 107 S 

(с) 4.1 х 107 S (d) 5.1 x 107 S. 


33. The 
potential 
difference 
between A 
and B in 
the circuit 
shown is 


“2 





2К\К»К» 
1+5 +8 


(а) 





(c) 


34, There are n exactly identical resistors each having 
resistance R. The resultant resistance when joined in 
parallel is A, then on connecting them in series the 
resistance will come out be 
À А 
(а) у (b) m (с) 5 (d) Wd. 
n n 
35. Ohm's law is not applicable in 
(a) diode (b) transistors 


(c) radio waves (d) all of these. 
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36. A current passes 

through a coil in the anti- 

clockwise direction. The 

magnetic field at a point 

on the axis of the coil 

is 

(a) perpendicular to the plane of the coil 
(b) perpendicular to the axis of the coil 
(c) along the axis towards the centre of the coil 
(d) along the axis away from the centre of coil. 


ў 


37. The wire shown in the figure carries а current of 
60 A. The field P if radius is 2 cm will be 


E 


60A 








(a) —45n x 10-5 tesla (b) — 45x х 10-5 4 tesla 
(c) —45л x 10^ А tesla (d) —45z x 10^ £ tesla. 


УХ. ane БУИ curves У, - 
aid № in the figure аге 
associated with 

(a) a diamagnetic and 
paramagnetic 
substance 
respectively | 
a paramagnetic and 
ferromagnetic 

substance respectively 

(c) soft iron and steel respectively 
(d) steel and soft iron respectively. 


(b) 





39. A proton moving with a constant velocity passes 
through a region of space without any change in velocity. 
If E and B represent the electric and magnetic fields 
respectively, this region of space may not have 

(а) E=0,B 40 (b E#0,B=0 

(с) E#0,B 40 (d) E=0,B=0. 


40. Which of the following pairs of space and time 
varying E and B fields would generate a plane 
electromagnetic wave travelling in the Z-direction? 
(а) Ey By (b) Ex By (c) Ex, Bz (d) Ez, By. 





41. Three pure inductances a.c. connected as shown in 
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figure. The equivalent inductance of the circuit is 





bS 
(a) 2.75 H (b) 2.25 H 
(c) 2.00 H (d) 1.75 H. 


42. An electron 

moves along the 

line AB which 

lies in the same 

plane as a 

circular loop of 

conducting wire as shown in the figure. What will be 

the direction of current induced, if any, in the loop? 

(a) no current will be induced 

(b) the current will be clockwise 

(c) the current will be anticlockwise 

(d) the current will change direction as the electron 
passed by. 


we 


1 7 


43. A сон о: 130 ойша апа inductance 
connected across an alternating voltage oi frequency 
150/21 Hz. The phase difference between the voltage 
and current in the circuit is 

(a) 1/2 (b) 1/3 (с) zero 


QU henry > 


(d) 7/4. 


44. If A is the amplitude of the wave coming from a 
line source at a distance r, then 

(a) A e г? (b) A s p! 

(с) А ес r? (d) 4 e r!. 


45. In Young's double slit experiment, monochromatic 
light is used to illuminate two slits ~ and В. Slit 4 being 
on the upper side of the horizontal plane. Interference 
fringes are observed on a screen placed in front of the 
slits. Now if a thin glass plate is placed normally in the 
path of the beam, coming from slit 4, then 

(a) fringe width increases 

(b) fringe width decreases 

(c) there is no change in fringe width 

(d) fringes disappear. 


46. Out of the following four waves which of the two 
can produce interference? 
(i) yi = a;sino (П) у» = aysin2wt 
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T 
ot) 


(iv) Y4 = a4sin Е 


(b) (i) and (iii) 


(d) none of these. 


(iil) y, = a3costo? 


(a) (i) and (ii) 
(c) (ii) and (iv) 


47. Which one of the following spherical lenses does 
not exhibit dispersion? Radii of curvature of the surfaces 
of the lenses are as given in the diagram. 


(a) А Ry (b) x a 


(c) R R (d) R х 


48. If illumination produced at a screen placed at a | 
distance of 2 m from the lamp is 25 lux, then total 
luminous flux emitted by the lamp is 

(a) 50 candela (b) 100 candela 


(c) 150 candela (d) 300 candela. 


49. Iftwo lenses having powers +6 dioptre and —4 dioptre 
are placed in contact. Then nature and focal length of 
the combination will be 
(a) concave, 50 cm 
(c) concave, 25 cm 


(b) convex, 50 cm 
(d) convex, 25 cm. 


50. Eye piece of an astronomical telescope has focal 
length of 5 cm. If angular magnification in normal 
adjustment is 10, then distance between eye piece and 
objective should be 

(a) 15 ст (b) 35 ст (с) 55 ст 





(d) 75 cm. 


51. Work function of aluminium is 4.2 eV. If two photons 
each of energy 3.5 eV. strike an electron of aluminium 
then emission of electron 

(a) will be possible 

(b) depends on the smoothness of the surface 

(c) will not be possible (d) none of these. 


52. A proton and an &Q-particle are accelerated through 
same potential difference. Then ratio of the de-Broglie 
wavelengths A, and A, will be 


(a) 2 (b) 1/2 (c) 1/3 (d) (1/2)2, 


53. If the radioactive decay constant of radium is 
1.07 x 107! per year, then its half life period is 
approximately equal to 


(a) 2520 years (b) 6475 years 





(c) 7010 years (d) 8900 years. 
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54. Uranium-235 is used as nuclear fuel in a nuclear 
reactor having power level 1 MW. Amount of fuel needed 
in one year will be (given : energy released per fission 
= 200 MeV) 
(a) 87g 


55. Inacommon base transistor amplifier, current gain 
is 0.98. On changing emitter current by 5 mA, collector 
current changes by 

(a) 4.9 mA (b) 0.19 mA (c) 5.98 mA (d) 5.0 mA. 


(b 103g (с) 384g (d) 148.5 g. 


56. An intrinsic semiconductor behaves like insulator 
at 


(a) 273 К (b) 100°С (с) 273°C 


57. Combinations of NAND gates shows below are 
equivalent to 


(d OK. 


and 
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I] 


(a) AND and NOT gates respectively 31 We 








(b) OR and AND gates respectively 6. (с): T= 2mm 2110 (29) ог, T= £ 8 (2g) 
(c) AND and OR gates respectively m +m wi IW 

58. When a silicon junction diode is forward biased | or, prre HE OA or, ra 
by applying a voltage of 0.9 V, then current through р Т зии) m +» 


diode is 55 mA at 27°C. The dc resistance of the circuit | 7. (d) : Water exerts an upward force on the finger 


will be [Archimede’s principle]. According to Newton’s third 
(a) 5.3 ohm (b) 12.8 ohm law of motion, the finger would exert equal and opposite 
(c) 16.4 ohm (d) 23.8 ohm. force on water and hence on the bottom of the beaker. 


th di f th ing bal ld i : 
59. When 90% electrons emitted reach the collector, Боде reading OF therspringibalaticeayouldiincresse 


then collector current is found to be 9 mA. Then 
(a) emitter current will be 8 mA 

(b) emitter current will be 11 mA 

(c) emitter current will be 9 mA 

(d) base current will be 1 mA. 


(d) OR and NOT gates respectively. € g 
| 
| 
| 


1 
8. (а) : In the first case, h=—gt, a (1) 
| In the second case, h- vt; ——vt; +588 


or, h-lgü ... (ii) 
60. The T.V transmission tower in Delhi has a height 


of 240 m. The distance up to which the broadcast can Сотраппа ева) oe n: 





be receive is (radius of earth = 6.4 x 105 m) 9. (а): даа 2mvcos® aw 

(a) 100 km (b) 60 km But 6 = 30 ~ 

(с) 55 кт (d) 50 km. ^ и = 2vcos30? = 43v 

[SOLUTIONS |] Using one ball for —-—» С... > 

SQECTIONS calculation, «5 

1. (b): [Impedence] = [resistance] ЗЕ v-0 xS. 2 Sea 

" B „MET? noa, исоѕ30°-0 Зух уЗ 3 : 
1] [АТА] nm 


2. (b):Sinceacceleration is constant, therefore there 
is a uniform increase in velocity. So, the v-t graph is a 
straight line sloping upwards to the right. When 
acceleration becomes zero, velocity is constant. So, 





v-t graph is a straight line parallel to the time-axis. | 10. (d) : Бу = 
m 
zoum A | p is increased by a factor of 3/2. So, E, is increased by 
3. (a): er a factor of 9/4. 
1 
Percentage increase of kinetic energy 


ъд = 30 m/s, v, = 20 m/s. g 


vx t=s; ух {= + 200 d Р 
t = 20 sec. = WE * ч 


4. (a): AxB=0 > A| B ; ВхС=0 > BIC | n. (c) : On a plane bridge, F4 = 
ДІС. So, 4xC-0. Ё eB 
5. (a): Atall times, the horizontal component of the А 
velocity of the bomb will be the same as the horizontal : 1 
component of the velocity of the aeroplane. So, the 


horizontal displacements would remain the same at all | mg 
times. 





mg 
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2 
my 
R 





On convex bridge, mg — Fp = 


» 
Е my 
Or, pum ПТР 
R 
mv? 
On a concave bridge, F – mg po 


m 
or, Feo —mg +-— 
‹ 8 R 
Clearly, Е; is maximum of the three forces. 


12. (a) : Accoding to Kepler's third law, 
T^e p or Te p"? 


-32 


2n 
®O=— or wor 
T 


Now, L mr or Ё ос 2722 or [oe p^ 


13. (d) : Moments of inertia of rings I and II about 


YY' =2x ZMR =3MR? 


— 
Ww 


Moment of inertia of ring III about YY' = 5 MR 
Urn. UT IBI За Асру 
Total moment of inertia - 3MR lor TAA : 
x 4 8i pi mx 
14, (c): Ss "TODR. ve Du rc 
ИЗГЕ £j PR пу 


15. (а) : Let us first calculate the mass of inner solid 
sphere of radius r. 

Mass of inner solid sphere, 

M, А д „М, 3 











М'= x= r 
4 mE > К 
478 
К А GM, 1 c СМ.’ 
ow, £= 5 »g-7 
Peg Re 
' GM,mr 
Force on particle of mass m = "7g — РЕ 


с 
16. (b) : Tension is maximum when the stone is at the 
lowest point. 


/ 
— ; F, l and Л/ are constants. 





17. (b) : F —x 
лр“ 
mA. RE ro 1: o 
R^*ve— Le Sos 
} Ry Ys -2x10 2 
Ry I Ry 
Or —--—— or, R = 5. 
Ry, X42 7 
Lo V 
18. (c) : xlx g= mg; —pg = mg 
3 4 
42 


‚ When B and C are mixed, 








Comparing, 


19. (a) 
20. (c) : Fora given pressure, V is small for 7,. Since 
V e T, therefore, 7, < 75. 


V 2V 8 -3 
—pg=—xIxg or, p-— ест 
E 3 3 





3RT 
21. (d) : Ga d uo Or, T«M 
DASS, or, 7" 2T 
i 


or, 7 =2 x 273 К = 546 К. 
22. (b) : When 4 and B are mixed, 
mS, (19 – 16) = mS,(16 — 12) 
Or, 3S, = 4S, e (1) 





т, (23 — 19) = т5,.(28 – 23) 


or, 455 = 55c .. (ii) 
When A and C are mixed, 
mS,(T — 12) = mS;.(28 – Т) 
`5. 28-T 
or, =^ = ——— .. (iii) 
S. T-12 
Dividing (i) by (ii), 
45, 2385 .3 4. 543,5 15 
5S. 4S, 4 & 4 4.16 
15, 28-T 
Fro 
rom eqn. (iii), TA T 10 
157 + 167 = 16 x 28 + 15 x 12 
х 628 
ог. 317 = 448 + 180 = 628 or, T=— 31 = 20.3°. 
23. (а) : 540 x 80 + 540 x 1 x (0 — 0) = 540(80 — Ө) 
| or, 80-0-80—0 or, 20-0 or 6=0°C 
K4(0-0) KA(90-8) KA(90-0 


or, 0 = 2(90 — 0) 
ог, 30 = 180° or, Ө = 180°/3 = 60°C 
25. (b) : Required time interval 

i x] 1 


=——— == s=05s. 
258-256 2 





у= 7 





26. (Б) : ЕСЕ 
or, у= 2(1 + cost) 51010007 

ог, y = 2sin1000f + 2sin1000: cos! 

or, y = 251п1000; + sin(1001/7) + sin(999/) 

So, the given expression is a result of the superposition 
of three independent harmonic motions. 


[rion 
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| . 
27. (a): 8 rer | 
^ Г 
T'-2m, [ar or, PEE. ү or, rar. 
[5g V5 va Js 


28. (a): W= [E-dr=0 
z 


For in this case, EŁdF , 


29. (b) : From Gauss’s theorem, 
the flux of electrostatic field due 
to a charge of 4 coulomb is 


g 


£o 
For q = 1 coulomb, ф = 1/6. 
30. (a) : Electric field (£) = V/d. 

Since V is constant and d is increasing, thus Æ decreases. 
Now C is also decreasing and therefore charge content 
decreases. 


ф = [5-45 = 
S 


Kidego., 1 4 


f A C » Кє 











Су = К, АЄ( 1 ~ ә 
s Io Cy К, ДЄ 
C4 = Kefen: a = TOL 
ES Rad US 


The effective capacitance (C) is given by 








Id 1 1 Fetes, 231 1 
= =—-+—4+-- = +-=—+— 
(e C C5 C4 \ К, K- К, AEn 
or, C= £504 : 
Jia =н. 
Ki K, K, | 
$ | 
32. (e) s po OKO 4x10" S; 


| Gl 245x800. 
33. (c) : Total resistance of the part AB is 


The current is est A 3 
9+6 15 
The potential difference between 4 and B is | 


(1/3) 





2 
Мав = x 6 volt = 15 volt. 
34. (b) : The resultant resistance in parallel is А = R/n. | 
On connecting them in series we have the resultant 


resistance №, = nR = m. 


35. (d) : Ohm's law is not applicable in valves, | 
semiconductors, electrolytes, transistors etc. 
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M 
ә 





—— — 





36. (d) : We 
have taken two 
diametrically 
opposite 
segments. The 
fields due to 
these two 
segments at the point P are indicated in the figure. The 
vertical components cancel each other and horizontal 


| components get added. So, the field will be along the 


axis away from the centre O. 





3v 15: fet (3л /2)/Ё ues 3% 100 x 60k 
4n r 2x2 
=-452x107>K tesla. 
38. (c) 


39. (b): A proton moving with a constant velocity passes 
through a region without any change in velocity. So a 
magnetic field (B) either may not be present or, if present, 
then it is in the direction of the velocity. The electric 
field (E) is definitely zero. 

40. &) : Ey, By are perpendicular to each other and 
both of them are normal to Z-axis. 

41. (с): Here L, = 0.5 H and 74 = 0.5 Н are in parallel. 





Now, L, and Z' are in series. 
Legu. = Li + EC = 1.75 + 0.25 = 2:00 Н. 





42. (c) 
43. (d) : Here R = 150 Q, L = 1.0 henry 
l 
psec Ha, b=? 
2n 
. eL 2nvoL 150 1 
tan 9 = — = a: Inxx i 
2n 150 
ф = 45° = 7/4. 


| 44. (b) : For a point source, / e 1/7? 


і vet 
and 54/7, As |=; о, Ac. 
Р F 
45. (c) : As a constant path difference is introduced in 
the rays coming from two slits. 


46. (d) : Independent waves can't be coherent and can't 
produce interference. 


43 


47. (c): As 


For no deviation, (3 - 


48. (b) : Since Е = ^ 
or, [= Er? = 25 х (2y = 100 candela. 
49. (b : P, = 6D, Р, = -4D 
=> P=P,+P,=(6-4)D=2D. 
f= +50 cm, convex lens. 
50. (c) : In normal adjustment, L = f, + f. 


Ío 


f 
and M == or, 10227? => f,=50cm. 
Je Je А 


L= 5 ст + 50 ст = 55 cm. 


51. (с) : Since work function of aluminium is greater 
than the energy of photons. 


52. (a): kn or, Nr or, ha = 
м ms Àp 9% =ч 
iy en EC «2 
Re nm, 1 

53. (b) : Use Лу T 


54. (с): ЕЁ = P x t7 1065x 1 = 109 J 
Energy released per fission = 200 MeV 

= 200 x 109 x 1.6 x 107? J 

= 3.2 x I0" J, 

Number of fission needed per second 


_ 10° 

«32x10 
Number of fission needed in one year 

= 3.125 x 10'° x 365 x 24 x 60 x 60 

= 9,855 x 1073. 

Number of nucleus involved/fission 

= 9,855 x 102 


= 3.125 x10" 


44 


Mass required = 5+5 


Alc 
55. (a) : Current gain,a= ., . 

"м 

56. (4) 

57. (b) : When two input of NAND gate are combined 
NOT gate is formed. 


58. (с): И = IR 





V ; 
R=—= 09 ; ohm = 2 x10 ohm 
1 55x10 50 
= 16.4 ohm. 
59. (d) : Since /, = /, + 1, 
1, = l, = L 
and since /, = 90%/, = 0.9/, 
poe” 
1 10 


=» If/,=9mA, /,= 10 mA. 
So, / = l, — 1. = (10-9) mA = 1 mA. 


60. (с): d= J2hR = 2x 240x6.4x10° 
= 554 x 10? т = 55 km. 
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ẹ This paper consists of 50 questions having only one correct answer (including some questions based оп 
short passages). 


e Corresponding to right answer there will be +3 marks & for incorrect/wrong answer there will be —1 mark. 





1. The measurement of radius, length and resistance | 5: ^ police саг 


s iffi veloci Police Motor Stationary 
of a metal wire of circular cross section are radius = | MOVINg with velocity — саг Dot с 
(0.26 0.02) cm ; length = (156.020.064%) cm and | 22 "/% and emitting (5) È (63) 
sound of frequency 


— 22 ms —» (165 Hz) 
176 Hz follows a (176 Hz) 


motor cyclist which in turn is moving towards a stationary 
car and away from the police car as shown in figure. 
The stationary car is emitting a sound of frequency 
2. The Young's modulus of brass and steel are | 165 Hz. If motor cyclist does not hear any beat, then 
respectively 10 x 10!? N/m? and 2 x 10? N/m?. A brass | his velocity is 

wire and a steel wire of the same length are extended | (а) 11 m/s (b) 22 m/s (с) 33 m/s (d) 44 m/s 


by 1 mm under the same force, the radii of brass and | 6. The velocity of sound in an ideal gas at temperature 


measurement of specific resistance of the material of 
the wire is 
(a) 18.6% (b) 8.6% (с) 17% (d) 1296. 


| 
| 
| 
| 
resistance = (64+2)О. The maximum error in | 
| 
| 


steel wires аге Ry and Ry respectively. Then T, and 7, К are found to be V, and V, respectively. If 

(a) R= VZR, (b) R= R,IA2 | the root mean square speed of the same gas at the same 

(с) R.=4R (d) R.=R,/4 | temperature 7, and T, are v, and v, respectively , then 
1 ru CP | (a) vo w(F,/E) (b) ъ= (0/0) 


3. Two satellites of masses m, and т,(т, > т») аге 

EE Xm > mi) аге (с) v9» 404/V.) 
revolving round the earth in circular orbits of radii : 5 

r, and ry (r, > rz) respectively. Which of the following | 7. Тһе superposition of two harmonic oscillations in 


(d 9» UY. 





statements is true regarding their speeds v, and v, ? the same direction results in the oscillation of a point 
(a) v =v (b) v > 1 | according to the equation x = acos2.1tcos50r, where t 
(с) v, <>, (d) v/n=y,/r, | is in second. Ета the period in which they beat 

(a) `1. second 11397 (b) 1.497 second 
4. А horizontal pipe line carries water in a stream line | (c) 2.1 second P (d) 2.994 second. 


flow. Ata point along the pipe where the cross-sectional ; : T г 
р SAPIR 8. A sonometer wire resonates with a given tuning 


UA йет UTD TUBOS TETUER Ше Pressure fork forming standing waves with five antinodes between 

is 2000 Pa. The pressure of water at another point where | the two bridges when a mass of 9 kg is suspended from 
? Ў X | 

the cross-sectional area is 5 cm*, is | the wire. When this mass is replaced by a mass M, the 

(a) 500 Pa (b) 50 Pa wire resonates with the same tuning fork forming three 

(c) 5 Ра (d) 5 x 10? Ра. 


antinodes for the same positions of the bridges. The 
(Density of water — 10? kg. m?) | value of m is 
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(a) 25kg (b) 5kg (с) 12.5kg (d) 1/25 kg. 


9. Athin copper wire of length L increases in length 
by 1% when heated from temperature 7| to 7». What is 
the percentage change in area when a thin copper plate 
having dimensions 2Z x L is heated from T, to 7, ? 
(a) 1% (b) 3% (c) 2% (d) 4%. 


10. Two litre of water at initial temperature of 27?C is 
heated by a heater of power 1 kW in a kettle. If the lid 
ofthe kettle is open, then heat energy is lost at a constant 
rate of 160 J/s. The time in which the temperature will 
rise from 27?C to 77?C is 

(specific heat of water — 4.2 kJ/kg) 
(b) 8 min. 20 sec. 
(d) 12 min. 50 sec. 


(a) 5 min. 20 sec. 
(c) 10 min. 40 sec. 


11. The average translation kinetic energy of a molecule 
in gas becomes equal to 1 eV at a temperature 

(а) 7733 К (b) 8833 К 

(с) 3377 К (d) 3388 K. 


12. A thermodynamical process is 
shown in the figure.The presures t 
and volumes corresponding to 
some points in the figure are 

P4 =3 10* Pa, /,22x 10? m3 
Р„=8 x 10° Pa, Vp = 5x 10? n? 
In the process AB, 600 J of heat is added to the system 
and in process BC 200 J of heat is added to the system. 
The change in internal energy of the system in process 
AC would be Е 

(а) 560J (b) 800J (с) 600J (d) 640] 


13. Three discs 4, B and C having radii 2 m, 4 m and 
6 m respectively are coated with carbon black on their 
outer surfaces. The wavelengths corresponding to 
maximum intensity are 300 nm, 400 nm, respectively. 
The power radiated by them are Q4, Ор and О, 
respectively. 

(а) Qj, 15 maximum 
(c) Qc is maximum 


Р 


— 


(b) Q, is maximum 


(d) Q,7 On = Qc 


14. A circular ring carries a uniformly distributed positive 
charge and lies in X-Y plane with centre at origin of 
co-ordinate system. If at a point (0, 0, z) the potential 
is V, then which of the graph is correct ? 











(d) 


15. A fully charged capacitor has a capacitane C. It is 
discharged through a small coil of resistance wire 
embedded in a thermally insulated block of specific 
heat capacity s and mass т. If the temperature of the 
block is raised by AT, the potential difference V across 
the capacitor is 


(c) о :— 2 


о :— 














msAT [mm 
(а) 7c (b) С 

2тСАТ тСАТ 
(с) | z | (4) 


16. A capacitor of capacity С = 4.0 pF is connected 
through a resistance R = 2.5 MQ across a battery of 
negligible internal resistance of 12 volt. The time after 
which the potential difference across the capacitor 
becomes three times to that of resistor is 

(Given log,2 = 0.693 ) 
(b) 6.48 sec 
(d) 20.52 sec 


(a) 13.86 sec 
(c) 3.24 sec 


17. In the given circuit of figure 
no current is passing through the 
galvanometer connected to a meter 
bridge. Distance ACcorresponding 4 $ 
to null deflection of galvanometer 

is x. What would be its value if the radius of the wire 
AB is doubled? 
(a) x/2 

(c) x 





(b) 2x 
(d) none of these 


18. A galvanometer with resistance 100 Q is converted 
into an ammeter with a resistance of 0.1 Q. The 
galvanometer shows full scale deflection with current 
of 100 uA. Then the minimum current in the circuit 
for full scale deflection of galvanometer will be. 

(a) 100.1 mA (b) 1000.1 mA 

(c) 1.001 mA (d) 0.1001 mA 


19. An electron of mass m,, initially at rest, maves 
through a certain distance in a uniform electric field in 
time /,. A proton of mass m, also, initially at rest, takes 
time t; to move through an equal distance in this uniform 
electric field. Neglecting the effect of gravity, the ratio 
of Л, is nearly equal to 
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(a) 1 (b) (m,/m,)'* 24. The coefficient of friction between the block and 
is the incline surface is 

(9 UTD) «i TRO (à 12 (Ы) 3/4 (су 1⁄4 (d) zero 

Q .20 to 23. are based on this passage: 25. Fin is equal to 


In an experiment, a spinning ball is made to fall on 
5N b) 20N с) I5 N d) 10N 
rough horizontal surface. While hitting the surface the (a) (b) (e) «n 


5 v, 26. When the applied force is 2F,,,,, 
ball has a velocity vy and angular velocity FR After | the block is 
£A 


hitting the surface at A, the ball moves оп the path shown | (а) up the incline (b) down the incline 
and hits the surface again at B. This experiment isrepeated | (c) zero (d) none of these 
for many surfaces of varying roughness. For a certain 
surface X the ball covers the maximum distance AB. 
Assume that all the surfaces used in the experiment 
are perfectly elastic and the ball is a uniform sphere of 
mass m, radius А. 


acceleration of 


27. In Young's double slit experiment, the two slits 
act as coherent sources of equal amplitude 4 and of 
wavelength A. In another experiment with the same set 
up, the two slits are sources of equal amplitude 4 and 
wavelength A but are incoherent. The ratio of the intensity 
of light at the midpoint ofthe screen in the first case to 
| that in the second case is 


(a) 1:1 (6) 1:2 (c) 2:1 Гаі 





28. А thin prism Р, with angle 4° and made from glass 


AN Thexoetfictentof ction between the surtace fi. of refractive index 1.54 is combined with another thin 





and the ball is prism P; made from glass of refractive index 1.72 to 
(a) 0.5 (b) 0.25 (c) 0.75 (d) 1.0 produce dispersion without deviation. The angle of prism 
Р, is 


21. The magnitude of impulse imparted by surface Х б o o " 

to the ball during the collision at 4 is | eer C Sh UMS 

(a) mvo (b) 2mvy (с) 4/5 mv, (4) 4/3 ту, | 29. Aconcave lens of glass, refractive index 1.5, has both 
| surfaces of same radius of curvature R. On immersion in 

| a medium of refractive index 1.75, it will behave as a 

(a) convergent lens of focal length 3.5R 

(b) convergent lens of focal length 3.05 

23. Work done by the surface X on the ball during | (c) divergent lens of focal length 3.5R 


22. Angular velocity of the ball just after collision at 
Ais 
(a) vy/R (b) ¥/2R (с) 2w/R (d) zero 








collision at 4 is (d) divergent lens of focal length 3.0 
2 2 
бл le xm si joco cu Эу? 30. А ray of light travels from a denser to a rarer medium. 
4 4 The critical angle for two media is С. The maximum 
Q. 24 to 26. are based on this passage: possible deviation of the ray will be 
A block of mass 2 kg is placed on a rough incline whose | (а) (п – C) (b) (1/24 C) 
angle of inclination (0) can be varied. It is found that | (c) 2C (d) (1 — 2C) 


when Ө = tan^!(1/2) the block just beings to slip. The А $ ү 
angle of inclination of the incline is doubled and it is 31. In an ideal double slit experiment, when a glass 
found that to keep the block stationary a minimum plate (refractive index 1.5) of thickness ¢ is introduced 


horizontal force F,,, needs to be applied on the block, in the path of one of the interfering beams (wavelength 


pressing it against the incline. The horizontal force is | A} the intensity at the position where the central maximum 


increased gradually and it is found that the block still occured previously remains unchanged. The minimum 
does not move. When the applied force exceeds a value | thickness of the glass-plate is 
Fmax the block begins to slide [g = 10 m/s?] (a) 24 (b) 24/3 (с) АЗ (d) X 
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32. The binding energy per nucleon of deuteron (,H7) 
and helium nucleus (,He*) is 1.1 MeV and 7 MeV 
respectively. If two deuteron nuclei react to form a single 
helium nucleus, then energy released is 

(a) 13.9 MeV (b) 26.9 MeV 

(c) 25.8 MeV (d) 19.2 MeV 


33. Two radioactive substances X and } initially contain 
equal number of nuclei. Y has a half life of 1 hour and 
Y has half life of 2 hours. After two hours the ratio of 
the activity of Y to the activity of Y is 
(a) 1:4 (b) 1:2 СС) M5] 


(d) 2:1 


34. Imagine an atom made up of a proton and a 
hypothetical particle of double the mass of the electron 
but having the same charge as tne electron. Apply the 
Bohr atom model and consider all possible transitions 
of this hypothetical particle to the first excited level. 
The longest wavelength photon that will be emitted has 
wavelength A(given in terms of the Rydberg constant 
R for the hydrogen atom) equal to 

(a) 9/(5R) (b) 36/(5R) 

(с) 18A 5R) (d) 4/R 


35. Electrons with energy 80 keV are incident on the 

tungsten target of an X-ray tube. А shell electrons of 

tungsten have —72.5 keV energy. X-rays emitted by the 

tube contain only 

(a) acontinuous X-ray spectrum (Bremsstrahlung) with 

all wavelengths of -0.155À 

a continuous X-ray spectrum (Bremsstrahlung) with 

all wavelengths 

(c) the characteristic X-ray spectrum of tungsten 

(d) acontinuous X-ray spectrum (Bremsstrahlung) with 
a minimum wavelength of — 0.155 А and the 
characteristic X-ray spectrum of tungsten. 


(b) 


Q. 36 to 37 are based on this passage: 
In the closed circuit shown, AB, 
BC and CD are straight 
conductors, each of length Rand — , "d С) м D 
DEA is a semi circle of radius : > — 

R. A small circles loops of radius 2 | 
r is coplanar with the circuit and the centre of loop | 
coincides with centre of curvature of the semicircle. 

The current through the circuit increases at a constant | 
rate di/dt = a. 


# C 


36. The magnetic field at centre of the loop as function 
of / is 
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re dist E Myf R 
(п+ 3) b) ——(zx- 243) 
eR S. OB nO 
1 Z 1 ES 
(с) t-m) (d) D (2n+3y3) 
21 R "TEAM 
| 37. Since loop is small, assume that the field at its centre 


40. The speed of sound in the gas mixture is 

(a) 330 m/s (b) 300 m/s 
| (c) 280 m/s (d) 360 m/s 

41. The ratio of specific heats (y) for the mixture is 
| (a) 10/7 (b) 5/7 (c) 13/7 (d) 11/7 

42. Temperature of the gas in the cylinder is 

(a) 191.47K (b) 291.47 K 

(c) 391.47 K (d) OK 

Q. 43 to 45 are based on this passage: 


is approximately the field at all points inside it. The 
magnitude of induced emf in the loop 


pun 243)r!a [L(+ Bra 


b 

а) AR 09 AR 

(e) uo (2 + 3)ra (a) Mur 283) 5. 
2R 2R 


Q. 38 to 39 are based on this passage: 

A radio nuclide consists of two isotopes. One of the 
isotopes decays by a-emission and the other by 
B-emission with half lives 7, = 405 sec and 7, = 1620 s 
respectively. At ¢ = 0, probabilities of getting o and 
B-particles from the radio nuclide are equal. 





38. The probability of getting o particle from the radio 
nuclide at / = 1620 sec is 
(a) 1/9 (b) 8/9 


(c) 2/3 (d) 3/8 


39. The ratio of number of nuclei of a emitter and 
B-emitter at time ¢ = 0 is 
(a) 1/3 (b) 1/2 


(c) 1/4 (d) 2/5 


Q. 40 io 42 are based on this passage: 
A vertical cylindrical vessel of area 4 = 15 cm? contain 
n 70.01 mole of each of He, О, and CO; . At the lower 


| end, the cylinder has a flexible diaphragm and at the 


other end a fixed piston. Height of the gas column is 
h = 30 cm and its 1° and 3" overtone frequencies аге 
900 Hz and 2100 Hz respectively 


RMS velocity of molecules of a di-atomic gas is to be 
increased to 1.5 times. In process A it is done adiabatically 
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and in process B it is done isobarically. The value of y | (a) (2, -1) (b) (2, 1) 
for gas = 1.4 given (1.5)? = 7.6 (с) (3, -1) (d) (3, 1) 
43. The ratio of initial and final volume for process А | 59. If dielectric strength of air is 3 x 10* V/m, minimum 
is 


бу se б) Ce (CS d) possible radius of the sphere is 


| (a) 4/20 cm (b) VIO cm 
44. The ratio of initial and final volume for process B | <= 
is | (с) v30 ст (d) 2 cm 
2 | a i | ANSWERS 
z ыз ыу af [= oi 
(a) 7 (b) 5 (с) g (d) 5 





1. (a) 2. (b) 3. (c) 4. (a) 5. (b) 
6. fy 7. (b) 8: (a 9. (d) 10: (b) 
11: (а): 39 (а)! 1З. b) 14b). 13. (b) 
16. (а) 17. (с) 18. (а) 19. (b) 20. (a) 
21. (c) 22. (d) 23. (Ы) 24. (а) 25. (d) 
| 26. (a) 27. (с) 28. (с) 29. (а) 30. (d) 
f, = 30 cm and f, = 60 cm respectively are placed | 31. (a) 32. (c) 33. (c) 34. (с) 35. (d) 
co-axially as shown . A plane mirror is placed normal | 36. (b) 37. (a) 38. (a) 39. (с) 40. (d) 


45. The ratio of work done by the gas during A and B | 
| 
to the axis and a point luminous object O on the axis | 41. (a) 42. (6) 43. (а)  44.(c) 45. (a) 
| 
| 
| 
| 


is 
(a) -2.5 (Б) 2.5 (c) -1.5 (d) 1.5 





Q. 46 to 47 are based on this passage: 
Two thin convex lenses L, and L, having focal length 


as shown. Light rays emitted by О first pass through | 46. (a) 47. (a) 48. (d) 49. (a) 50. (c) 
lenses L, and L, respectively and then reflect from mirror 











m 
M апа then reflected rays pass through L, and Z, 
L, L, M | 
|> CBSE (Pre) - 2nd April 
o< |> IIT-JEE - 9th April 
|> MGIMS - 16th April 
|» Vellore (Engg.) - 16th April | 
P x dis М f, = 60 ст E |> WB - JEE - 22nd & 23rd April | 
St > UPSEE - 23rd April | 
46. The image formed by mirror M is at a distance of ан а а, esas, : 
(a) 180 ст from L; (b) 90 cm from L, » Kerala (PET) - 24th & 25th Api 
(c) 180 cm from mirror (d) 120 cm from mirror » Kerala (PMT) - 26th & 27th April | 
А А | |> BVP (Medical) - 29th Apri! 
47. The final image is formed at i|» AIEEE - 30th April 
(a) pole of L, (b) between / and L; | LY MUTE Ah HW Р 
(с) to the right of O (d) between O and L, | (Епдд.) xb 
||> AFMC - 7th May 
Q. 48 to 50 are based on this passage: ly BHU (Screening) - 10th May 
А small sphere is charged uniformly and placed at point | > AMU (Medical) - 41th May | 
4 7) el fiel th 
(ху, yi) so that at point B (8, 7) electric field streng: |> CBSE (Mains) - 14th May | 
is E = (54i + 72,3) N/C and potential is +900 volt > BVP (Епдд.) - 21st May | 
48. The charge on sphere is > Orissa JEE - 21st May | 
(a) 0.5 pC (b) 0.4 uC К UPCPMT - 21st May | 
(c) 0.8 uC (d) 1 uC : | 
E к > AIIMS - 1st June | 
49, Co-ordinates of point A are > BHU (Mains) - 18th June | 
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Practice Paper for 
CBSE-PMT (Prelims) - 2006 


1. The dimensions of [u5£,] '? are the same as that of 
(a) time period (b) wavelength 
(c) frequency (d) velocity. 


2. А car accelerates from rest at a constant rate of 
2 ms? for sometime. Then, it retards at constant rate of 
4 ms? and comes to rest. If the total time for which it 
remains in motion in 3 seconds, what is the total distance 
travelled? 
(a) 2m (b) 3m 


(c) 4.m (d) 6 m. 


3. A projectile can have the same range R for two angles 
of projection. If /, and /„ be the times of flight in the 


two cases then what is the product of the two times of | 


flight? 


(а) tt, ec А? (b) д6 R 


| 1 
hin x — hh o — 2 
(c) f) R (d) 12 6—5 
4. Ап automobile is turning around a circular road of 
radius r. The coefficient of friction between the tyres 
and the road is u. The velocity of the vehicle should 
not be more than 


(а) urg (Ы) ugr (с) dJug/r (d) Jwg 


5. Amonkey of mass 20 kg is holding a vertical rope. 
The rope can break when a mass of 25 kg is suspended 
from it. What is the maximum acceleration with which 
the monkey can climb up along the rope? 

(a) 2.5 m/s? (b) 5 m/s? 

(c) 7 m/s (d) 10 m/s?. 


6. An engine pumps up 100 kg of water through a 
height of 10 m in 5 seconds. Given that the efficiency 
of engine is 60%, what is the power of the engine? (Take 


g = 10 m/s?). 
(a) 33 kW (b) 3.3 kW 
(c) 0.33 kW (d) 0.033 kW. 


7. A neutron is moving with a velocity и. It collides | 


head on and elastically with an atom of mass number 
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A. If the initial kinetic energy of the neutron is E, how 
much kinetic energy is retained by neutron after collision? 











P" ie, a E я. 

ШЙ уш» O41 +? 
AT SO 

i) I e (d) bd $ 


8. Three identical particles each of mass 1 kg are placed 
touching each other with their centres on a straight line. 
Their centres are marked 4, B and C respectively. The 
distance of centre of mass of the system from A is 


AB + AC + BC AB 4 AC 
OS ie (b) PIE 
AB+ BC AC - BC 
(c) р (9) ys de 


9. Suppose g, be the acceleration due to gravity at 


the equator and g, be that at poles. Assuming the earth 
to be a sphere of radius A, rotating about its own axis 
with angular speed œ, then g, — ge is given by 

(а) w/R, (b) Ro? (c) OR, (d) w*/R,?. 


10. A pendulum is suspended from the ceiling of the 


| compartment of a train. When the train is stationary, 


the time period of the pendulum is 7. If the train 
accelerates, the time period of pendulum 

(a) will increase (b) will decrease 

(c) will remain unchanged 

(d) the pendulum will not oscillate. 


11. A simple pendulum performs simple harmonic 
motion about x = 0 with an amplitude А and time period 
T. The speed of the pendulum at x — 4/2 will be 











n4AN3 nA 
(а) —5 (b 7 
nAN3 314^ 
d 
(c) oT (d) > 
12. Two rods of different materials having coefficient 
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of linear expansion оц, o; and Young's modulii Y,, Y; 
respectively are fixed between two rigid massive walls. 
The rods are heated such that they undergo the same 
increase in temperature. There is no bending of rods. 
If à, : 05 = 2:3, the thermal stress developed in the 
two rods are equal provided Y, : Y, is equal to 

(a) 2:3 (b) 1:1 (C)ES2 (d) 4:9. 


13. A wooden cube floats just inside tne water, when 
a mass of 300 g is placed on it. If the mass is removed, 
the cube floats 3 cm above the water surface. The length 
of the side of cube is 

(а) 10 ст (b) 15 cm 


(с) 20 ст (d) 30 ст. 


14. The quantity which is zero on an average for the 
molecules of an ideal gas is 

(a) momentum (b) density 

(c) kinetic energy (d) speed. 


15. The speed of sound in a gas is v. The rms velocity | 
of gas molecules is С. The ratio of v to C is 


(а) ү (Ы) v3 (с) J3/y (4) „73 


16. Two factories are sounding their sirens at 800 Hz. 
A man goes from one factory to the other at a speed of 
2 ms", The velocity of sound is 320 тѕ”!. The number 
of beats heard by the person in one second will be 
(a) 2 (b) 4 (c) 8 (d) 10. 


17. A liquid having coefficient of cubical expansion y 
is filled in the container having coefficient of linear 
expansion as a. If, on heating, the liquid overflows, 
then which of the following relations is correct? 

(a) ү = 20 (b) y «3a 

(c) Y» За (d) 2y = 3a. 





18. The first law of thermodynamics forbids flow of a 
heat 
(a) 
(b) 
(c) 


from low temperature to higher temperature 
from lower pressure to higher pressure 
from bodies with more heat content to one with | 
less heat content 

none of the above cases. 


(d) 


19. When the temperature difference between the source 

and the sink increases, the efficiency of the heat engine 

(a) increases (b) decreases 

(c) is not affected | 

(d) may increase or decrease depending upon the nature | 
of the working substances. 





| 


! 
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20. Aslab consists of two parallel layers of two different 
materials of same thickness having thermal conductivities 
К, and K,. The equivalent thermal conductivity of the 
slab is 





KS 

(а) K, + Ky (py rc 
KAK 09 
(P TEIG (d кук, 


21. А тап runs towards the plane mirror at 2 т1з-!. The 
relative speed of his image with respect to him will be 
(а) 2ms? (b)4ms! (с) 8 тѕ1 (d) 10 ms”. 


22. We wish to make a plano convex lens of focal length 
16 cm from glass having refractive index 1.5. It is to 
be used in air. What should be the radius of curvature 
of the curved surface? 
(а) 8cm (b) 12 ст 16 ст 


(с) 


23. We have aright angles isosceles prism. Its refractive 
index is 1.5. If we incident ray normally on one of the 
two perpendicular surfaces, which of the following 
phenomenon will take place? 

(a) dispersion (b) total internal reflection 
(c) refraction (d) none of these. 


(d) 24 cm. 


24. Two coherent monochromatic light beams of 
intensities / and 4/ are superposed. The maximum and 
minimum possible intensities in the resulting beam are 
(a) 5/ and / (b) 5/ and 3/ 
(c) 97 and 7 (d) 97 and 37. 


25. Acharged isolated metal sphere of radius r carries 
a fixed charge. A small charge is placed at a distance 
5 from its surface. It experiences a force which is 
(a) proportional to r (b) proportional to (r + 5) 
(c) inversely proportional to (r + s} 

(d) inversely proportional to s?. 


26. Two equal metal balls are charged to 10 and 
—20 units of electricity. Then they are brought in contact 
with each other and then again separated to the original 


| distance. The ratio of forces between the two balls is 


(а) -8:1 (b) 1:8 -. (c) 92:1 (d) 1:2. 


| 27. Ata point in space, the electric field points towards 


north. In the region, surrounding this point, the rate of 
change of potential will be zero along the 

(a) north (b) south 

(c) north-south (d) east-west. 
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28. From a supply of identical capacitors rated 8 uF, 
250 V the minimum number required to form a composite 
16 uF 1000 V capacitor is 


(a) 2 (b) 4 (c) 8 (d) 32. 


29. Find the effective capacitance between points P and 
О. It will be equal to 


P 


3 uF 3 uF 3 pF 


(а) 9uF (Ы) 4.5 uF (с). 1 pF (d) 6 pF. 


30. A piece of copper and another of germanium are 
cooled from room temperature to 80° K. The resistance 
of 

(a) each of them increases 

(b) each of them decreases 

(c) copper increases and germanium decreases 

(d) copper decreases and germanium increases. 


31. Two bulbs take 50 watts each when connected in 
parallel to 100 V source. The total power consumed by 
them when they are connected in series with the same 
source is 

(a) 100 W (b) 75 W 


(c) 50 W (d) 25 W. 


32. The current z in the i B 
circuit as shown in the 

figure is 2V |+ 
(a) 1/45 amp. — 
(b) 1/15 amp. 

(c) 1/10 amp. A 
(d) 1/5 amp. 


309 30 22 


30 2 


33. In a potentiometer, the length and resistance of the 
wire are 10 metre and 20 Q respectively. The wire is 
connected in series with a resistance of 5 Q and a battery 
of e.m.f. 5 volt and negligible internal resistance. The 
potential gradient along the wire in volt per metre is 


(a) 0.1 (b) 0.2 (c) 0.3 (d) 0.4 
34. When cells are connected in parallel 
(a) net emf becomes higher 


net emf becomes lower 
current capacity becomes higher 
current capacity becomes lower. 


(b) 
(c) 
(d) 
35. Wheatstone bridge is more accurate method of 
measuring the resistance because 

(a) it has four resistor arms 
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(b) it is based on Kirchhoff's laws 
| (c) it does not involve Ohm's law 
(d) it is a null method. 


36. The magnetic field ofa bar magnet resembles most 
closely in the magnetic field of 

(a) a straight wire carrying a direct current 

(b) a straight wire carrying an alternating current 
(c) a wire loop carrying an alternating current 

(d) a wire loop carrying a direct current. 


37. 


(a) 
(b) 


A bar magnet is cut into two equal halves then 
the two halves are devoid of magnetism 

one piece has both south poles and the other both 
north 

each piece is a bar magnet with the same pole strength 
as original bar magnet having half length 

none of these. 





(c) 


(d 


38. Figure shows three long, 
straight and parallel conductors A, 
B and C carrying currents of 3 A, 


— 


1 A and2 A respectively. A length 34% !^T 2^ 
of 0.5 m of the wire B experiences 
a force of 3 cm |4 em 


(a) 10 x 10° N from right to left 

(b) 10 x 1075 N from left to right 

(c) 5.0 x 10% N from right to left 

(d) 5.0 x 10° N from left to right. 

39. A voltmeter of range 3 V and resistance 200 Q cannot 
be converted into an ammeter of range 

(а) 10 mA (b) 100 mA (c) 1A (d) 10 A. 
40. A small piece ofa substance is repelled by magnetic 
field in whatever direction the magnetic field is applied. 
The substance is 





(a) diamagnetic (b) paramagnetic 
(c) ferromagnetic (d) ferrite. 

41. An isolated magnetic pole is 

(a) not yet observed 


(b) 
(c) 
(d) 


42. An induced e.m.f. is. produced when a magnet is 
inserted into a coil. The magnitude of induced e.m.f. 
does not depend upon 

(a) the number of turns in the coil 

(b) the speed with which the magnet is moved 

(c) strength of the magnet 

(d) the resistivity of the wire of the coil. 


is made of any ferromagnetic material 
is made of soft iron only 
is made of a diamagnetic material. 





43. When 100 voit d.c. supply is applied across a 
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solenoid, a current of 1.0 amp. flows in it. When 
100 volt a.c. is applied across the same coil, the current 
drops to 0.5 amp. If the frequency of a.c. source is 
50 Hz, the impedence and inductance of solenoid are 
(а) 200 Q and 0.55 Н (b) 100 Q and 0.86 Н 
(c) 200 Q and 1.0 H (d) 100 Q and 0.93 Н. 


44. Light of two different frequencies whose photons 
have energies 1 eV and 2.5 eV respectively, successively 
illuminate a metal of work function 0.5 eV. The ratio 
of maximum speeds of the emitted electrons will be 
(a) 1:5 (b) 1:4 (с) 1:2 (d) 1:1. 


45. The ionization energy of Li** atom in ground state 
is equal to 

(a) 13.6 x 9 eV 
(c) 13.6 erg 


46. 
(a) 
(b) 
(c) 
(d) 


47. The ratio of the radii of the nuclei AT?! and ;,Te'?5 
is approximately 
(a) 6:10 (b) 13:52 (c) 40:177 


48. The distinction between conductors, insulators and 
semiconductors is largely connected with 

(a) their ability to conduct current 

(b) the type of crystal lattice 

(c) binding energy of their electrons 

(d) relative widths of their energy gaps. 


(b) 13.6 J 
(d) 13.6 x 107? J. 


The decay constant À of a radioactive sample 
decreases as the age of atoms increases 
increases as the age of atoms increases 
independent of the age 

depends on the nature of activity. 


(d) 14 : 73. 


49. Truth table given here 
corresponds to А B 

(a) AND gate 0 

(b) OR gate 1 

(с) NAND gate 0 

(d) NOR gate. l 








50. The electromagnetic waves of frequency 2 MHz to | 


30 MHz are 
(a) in ground wave propagation 








(b) in sky wave propagation 
(c) in microwave propagation 
(d) in satellite propagation. 
SOLUTIONS 
| 1 
1. (d): >= 
4л А 
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j Or, 


Unit of uo/4 = newton/amp? 
and unit of 1/47, = newton x metre*/coulomb?. 


2. (d): v= 2 = apts 
а /4^ 

Of, fh -(2 xh =| = ГА = 21, 
A \2/ 


Since / + 4, = 3 s, hence л = 2 s and f4 = 1 s. 
Therefore, v = 2 х 2 = 4 ms''. 


1 
As х=ш+та? ,hence а 2 zx2x4-4m. 


and x 2xáxi-2m. ie. x +х = 6 m. 


3. (b):Range is same for angles of projection Ө and 
(90 — Ө). 





. 2usin8 ; 2usin(90—0)  2ucos0 
фет wd ————— | = Ен 
g z g Е 
4и ѕіпӨсоѕ9  2[:?^sin20] 2А 
Hence, hh = —————— = — а нен, 
g 8 Б g 


4. (d): Centripetal force = force of friction 


Ms = = МЕ or, v= рге. 





5. (a): Let the monkey climb up with acceleration а. 


| The tension caused in the rope will be 


T= M(g + a), where M is the mass of the monkey. 


| Maximum value of T is 25g = 20(g + a). 


Taking g = 10 ms^, it gives a = 2.5 ms”. 


6. (b:77-100x 10 x 10 J. 
As efficiency of engine is 6096, 


| 100 
! hence total work done = о 





5 
wn дохо. J. 
60 6 
5 
= а kW = 3.3 kW. 
6x5x10 
7. (с) : Let the final velocity of the neutron be v,. 
M,— M. 
Then yu mA, cM 
М+М M,+M), 
Now и, = u, и, = 0, M, = 1 and №, = А 
1— А 
Hence у = zm 
1+4 


1 > 
Final kinetic energy of neutron = 2 5n] 
i[1- 4T 
f + A 
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р ; l 2 
Initial kinetic energy of neutron = Е = 5^ Ixu 


I-A 
Final kinetic energy = [I E 


A B cC 
AB = 27 
Taking A as the origin, 
pes mx0+mx2r+mx4r — 


3m 

AB = 2r, AC = år, from A. i.e. at В. 

9. (b): 2 =g- RW cos? À 

Hence g, = g because at poles, A = 90° and 
ge — g — R,w* because at the equator А = 0°. 

Hence g, - g, = R.w’. 

10. (b) : The pendulum oscillates under the effect of 
two accelerations g and a, which are in mutually 
perpendicular directions. Hence resultant acceleration 
increases because of which Т decreases. 


11. (а): v2oy 42 - х2 


& А 


12. : Т=——=—— or, А = оТ 
(с): 70) eT 1 = ho, 
Fite б. or, Fy = ҮТ 

(5/L,) aT 


where F, and F, are thermal stress. 

Y а, 3 
As Еу = F, hence о Yo, .. X = a, ег": 
13. (a): Let the side of the cube Бе L. Then volume of 
the cube outside = volume of water displaced due to 
mass. 

The water displaced is 300 g and its volume is 300 cm’. 


Hence 3 x Lx L = 300 ie. L= 10 ст. 


14. (a) : Molecules move at random in all possible 
directions and momentum is a vector quantity. 


п=3°0+2 „воо.- 227 „воо Hz 


320 320 


xn=220—2 x800 = 218x800 Hz 
ij 320 320 
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| Solving, «= 








- — 322-318 е 4x 800 
320 320 
17. (c) : Coeff. of cubical expansion of container = 3a 
when ү > За, increase in the volume of the liquid is 
more than that of the vessel. 


=10 Hz. 





18. (9) : First law of thermodynamics is concerned with 
the conservation of energy and not with the flow of 
heat. 

== T; 





F 
19, (a): 9 = l . Hence n œ (Т – T3). 


20. (d) : Let the temperature on the two sides be 0, 
and 8, and the temperature of interface be 0. Then 


KA(®,-9,)t  K,4(0,-0Y _ K,A@-0,)t 


2d d d 
This gives K(0, — 02) = 2K,(0, — Ө) and 
К(Ө, — Ө,) = 2K;(0 — Ө.) 
2K,K> 
Ki + К, 4 
21. (b) : The image always remains as far behind the 
mirror as the object is in front. 


22. (a): 2-03-20 


о 





23. (b) : Critical angle will be ѕіп-!(1/1.5) = 41.8°. 
The angle of incidence inside the prism will be 45?. 
Since it is more than critical angle, the light ray will 
undergo total internal reflection. 

24. (6) : Imax = he D 2414; 

and dn =Í +1, -2 hh . 

25. (c) : As charge on a metal sphere can be supposed 


to be placed at the centre just like a point charge and 
force on point charge e l/(distance)?. 


_1_(+10)(—20) 


26. (a) : Initial force = А = > 
4£9 x 
Final force = A = LCS) 
4тє( r 
[charge on each ball = (10 — 20)/2 = —5 units] 
Eee aba 
| 25 1 


27. (а): As electric field is directed from south to north 
and E = — (AV/Ax) 

Hence rate of change of potential will not be zero along 
north or south or north-south. It is zero along east and 
west. 
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28. (d): For 1000 V capacitor, four capacitors must be | 
joined in series. But capacity of one such row of four 
capacitors will be equal to 2 F. Hence 8 such rows of 
four capacitors each, must be joined in parallel to form 
а 16 uF 1000 V capacitor. 


29. (a) : It is equivalent to a parallel combination of 
three capacitors. 

Ca = Су + С, + C, = 9 pF. 
30. (d) : & is +ve for copper but —ve for germanium. 
31. (d) : P, = P, = 50 watt 


Pos 5.2950 co tag 
ИЯР 100 
30x60 1 
32. (с): А, = = , 1=—— = — amp. 
(0: Rag 37 60 ae р E 
5 1 
33. (d) : i-—— =~ а 
Oe, Run 


V =1x20==%20=4 volt 


| 
| 
, V | 4 volt | 
L 10 metre | 
34. (c) : In parallel combination of cells, e.m.fi remain | 
same but current capacity gets increased because currents | 
due to all the cells are added ир. | 
| 

| 

| 

| 

| 

| 

| 

| 


i.e. = 0.4 volt/metre. 


35. (d) : In null position, no current flows through the 
galvanometer connected in diagonal arm of the bridge. 
It is due to this reason that Wheatstone bridge is more 
accurate method for determining resistance. | 


36. (d) : A current carrying loop is equivalent to a bar | 
magnet or a magnetic dipole having magnetic dipole 
moment equal to і А, where А is the area of the loop. 





37. (c) : 





It is clear from the figure that 
M = М, + М» 
ог, т – т. 


or 21 = ті + ті 


38. (d) : Total magnetic field produced by conductors 
A and C at the position of B = В, = В, — Be 
(B,is & and Be is ©) 
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Hence, Hei. Hos. EUT 
21x3x10^ 2лх4х107° 


= 2 х 105 — 10-5 = 105 T. 
Е = B,il sin90° = 1055 х 1 х 0.5 = 5 х 10-° М. 
As By is © , hence according to right hand palm rule, 
force will be directed from left to right. 
зу 
200 Q 
So, new range cannot be less than 15 mA. 





39. (a): Here г, = = 0.015 amp. = 15 mA. 


40. (a): A diamagnetic substance is repelled by a strong 
magnet. 


41. (3): A magnetic pole does not exist in nature because 
we cannot separate a north pole from a south pole. 


42. (d): Induced emf depends only on the rate of change 
oftotal magnetic flux linked with the coil. It is independent 
of the resistance of the coil. 


43. (а) : For d.c., о = 0, 
hence Z = R = (Ems //ms) = 100/1 = 100 Q. 


F t Ы 2 2 2 
Or a.C., 2 = к + (2171) «4(100)* + (100n£) 


Мом, х= -200 О, р 
0.5 


hence 200 = (100)? + (1007/2. 


44. (c) : EZ ?| = (hv); -W 
I 


"-1eV-05eV = 0,5 еу 


1 
tne? = (hoy -W 
ll 
= 2.5 еу – 0,5 eV = 2.0 eV 


(Ymax) -(22)" =2 or, (Ymax )1 RT 
(Vmax ) 0.5 (Vmax Mn 2 
45. (а): (LE)z:* Z(LE)y = (3)? x 13.6 eV. 
46. (c) 
47. (a) : Radius of nucleus, А = Л(А)!? 


where А is the mass number 
Raj е (27), Ry, = (125)5, 

48. (d): Forbidden energy gap is maximum in case of 

insulators, less for semiconductors. For conductors, there 

is no energy вар. 

49. (b): For OR gate Y = 4 + B. 

50. (b) : The electromagnetic waves of frequency 

2 MHz to 30 MHz are used in sky wave propagation. 
m" 
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1. (a) The maximum and the minimum magnitudes of 
the resultant of two given vectors are 17 units and 7 units 
respectively. If these two vectors are directed at right 
angles to each other, find the magnitude and direction of 
their resultant. 

(b) Given the velocity of sound (v) depends upon the 
elasticity of the medium (£) and the density (d), derive 
the relation. 


2. (a) Ifthe intensity at a point in an electric field be 
zero, will the potential there be also zero? Ifthe potential 
at the point be zero, will the intensity be zero? 

(b) A resistance of 1000 Q and a uniform variable 
resistance of total resistance 400 © are connected in series 
to a battery of e.m.f. 6 V and a negligible internal 
resistance. What is the potential difference across the 
1000 Q resistor when (i) a quarter, (ii) half ofthe variable 
resistance is in the circuit. 


3. (a) A spring balance has a scale that reads from 0 to 
50 kg. The length of the scale is 20 cm. A body suspended 
from this spring, when displaced and released, oscillates 
with a period of 0.60 s. What is the weight of the body? 
(b) A wheel is rotating about an axis passing through its 
centre and perpendicular to its plane. If it moves with 


constant angular velocity or constant angular acceleration, | 


can it have a radial or tangential acceleration? 

(c) A solid cylinder of mass 20 kg rotates about its axis 
with angular speed 100 s-!. The radius of the cylinder is 
0.23 m. What is the kinetic energy associated with the 
rotation of the cylinder? What is the magnitude of angular 
momentum of the cylinder about its axis. 


4. (a) Compare the velocity of sound in oxygen and | 


hydrogen at 10°C and under a pressure of 76 cm of 
mercury when oxygen is 16 times denser than hydrogen. 
(b) One of the two clocks on earth is controlled by a 
pendulum and other by a spring. If both the clocks be 
taken to the moon, then state with reason whether the 
clocks will show accurate time or not. 


24 





5. (a) Onlycertain definite lines are found in the atomic 
spectra of substances. Explain why. Hydrogen atom has 
only one electron, but its emission spectrum has many 
lines. Explain it. 

(b) An X-ray tube produces a continuous spectrum of 
radiation with its short wavelength end at 0.45 À. What 
is the maximum energy of a photon in the radiation. 

(c) Why does the electrical conductivity of a pure 
semiconductor increase with rise in temperature? 


6. (a) Inchanging the state of a gas adiabatically from 
an equilibrium state A to another equilibrium state B, an 
amount of work equal to 22.3 J is done on the system. If 
the gas is taken from the state 4 to B via a process in 
which the net heat absorbed by the system is 9.35 cal, 
how much is the net work done by the system in latter 
case? (1 cal = 4.19 J). 

(b) What part does the specific heat of water play in 
causing sea-breeze? 


7. (a) A simple pendulum PO 2.0 m long is displaced 
from its position of rest into the position PA and then set 
free. What would be its speed when it is passing through 
the point O assuming that 3% of the initial energy is 
dissipated against air resistance. 

(b) The initial and final temperatures of water in a 
container are observed as 16 + 0.5°C and 41 + 0.1°C. 
What is the rise in the temperature of water? 


8. (a) The displacement y (in m) of a body varies with 


time f (in sec) as у = -4p +16¢+ 2. 

How long does the body take to come to rest? 

(b) Machine bearings are often made of one metal while 
their rotating shafts are made of another. Why? 

(c) Calculate longest and shortest wavelength in 
Balmer series. 


9. (a) An electric motor runs on a d.c. source of 
e.m.f. € and internal resistance r. Show that the power 
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output of the source is maximum when the current drawn 
by a motor is £/2r. 

(b) A current of 5 A flows through a copper wire of a 
cross section 3 mm?. Obtain the drift velocity of the 
electrons. Given there is one free electron per atom, 
molecular mass = 63.5 g/mol, density of copper = 
8.92 x 10° kgm". 

(c) A bar magnet 4 cm long is held vertically with its 
north pole resting on a horizontal table. A neutral point 
is located on the table 3 cm from the lower end of the 
magnet. Find the moment of the magnet. 

Given, H = 0.2 oersted. 


10. (a) The speed of sound in moist air is greater than 
in dry air, why? Will the speed of sound in moist hydrogen 
be greater than in dry hydrogen? 

(b) The refractive index of glass is 1.5. What is the 
speed of light in glass? (Speed of light in vacuum is 
3.0 x 10* ms‘). 

(c) The image of a candle formed by a convex lens is 
obtained, if the lower half of the lens is painted black and 


completely opaque? 


Em 


Е. The resultant of two given vectors has its maximum 
magnitude when the vectors are parallel to each other 
(0 = 0°) and its minimum magnitude when they are anti- 
parallel to each other (Ө = л). Hence if а and b are the 
two given vectors, we have 





SOLUTIONS 





Maximum magnitude of their resultant = |a | + |b|= 17, 
and 


Minimum magnitude of their resultant = |а| — |^ | =7 


Cie 


Solving these two equations, we get |a| = 12 


and |^] = = = 5; 





When these two vectors 
act at right angles to 
each other, we have 
magnitude of there 


V12? +54 £43 


This resultant is inclined at an angle «© to the vector а 





resultant — Ri = 


where tana = 5 = 0.4167 ~. a = tan7!(0.4167) 
(b) Let the relation be represented by equation, 
y e Ex d’ 


Writing the dimensions on both sides, 
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[LT] æ [MLATA] [Мр 
Or [M?LT-!] oc M? БЕ. we - 3h т>“ 
By the principle of homogeneity of dimensions, we have 
O=a+b 
| =—a — 3b 
-] =-2a 
a = 1/2, b = -1/2 
Hence the relation is [LT'] ~ [MLT]? [ML?]'? 


or ve E"? qd? je, vo E 
„ТЕ Р 
ог у= кус where & is the constant. 
€ 


2. (a) If the intensity 


же oes : - Q i 
at a point in an electric B | 


н 1 
field be zero, the A C В 
potential may not be ‘ >< I 

zero there. For E S 


example, if two like charges of equal magnitude O be 
separated by a distance 2d as shown in figure, the intensity 
at C (the mid point of AB) will be zero, but the potential 


Q Q 


t C will be given by V. 
at C will be given by V "x 


20 ama 
= —=, which is not equal to zero. 
с 


Also, it is known that the potential inside a charged 
hollow conductor is constant having some value but 
there is no electric field there. 

If the potential at a point be zero, then the intensity 
may not be zero there. For example, two equal and 
opposite charges are placed at a distance apart. Then 
the potential at any point on the perpendicular bisector 
of the line joining the two charges will be zero but 
there will be a resultant intensity at that point whose 
direction is parallel to the line joining the charges. 

is 
in figure, 


(b) The circuit 
shown 
(i) when a quarter of 
the variable resistance 
is in circuit, the total 
resistance of the 






1000 О 


ШЕ 
circuit, is (1000+ $80 or 1100 2. 


E а 2-6 
R 1100 
л. potential difference across the 1000 Q resistance is 


Hence current ; = A 


25 


- 6 
~ 1100 
(ii) In the second situation, the total resistance of the 


х1000 V = 5.45 V 


Е m owl Ann 
circuit 1s [1000+ = 10 = 12000. 
Vu 6 


Hence current i — = 106 А 


<. Potential difference across the 1000 Q resistance is 


2026. z 
" = 12001000 V =5 У. 


3. (а) We are given that a weight of 50 kg displaces the 
spring through 20 cm. Hence, the force constant of the 
spring is 
pu EL 0987 тота 
x 20x10~ 
Let m be the suspended mass. The time period of the 
oscillating mass is given by 


T= ж” 


^. 0.60 = 2n |" 





V 24.5 x 107 
m (0.60) т, т 
An? 24.5x10° 
(0. AAY 
. m = ————x24.5x10? kg 
4n“ 


;. Weight of the body = pi x24.5x9.8N = 219 N. 
2 





(b) The radial acceleration or centripetal acceleration 
д = or 


А 0 
Tangential acceleration, fp = га = r 3 
a 


So, if the wheel rotates with constant angular 


" do 
velocity (c), then EU -0.So (к 


tangential acceleration will be 
zero. It will only have radial \ 
(centripetai acceleration). 





But, if it rotates with constant angular acceleration (о), 


1 2 " vox Е 
then = z 0. Hence, in this case, it will have both radial 


dt 
and tangential acceleration as shown in figure. 


(с) The rotational kinetic energy K,ot is 
2 беен) 


Kot = 5 lw Axis of 
cylinder 
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| 4. (a) Let v, and v, be the velocities of sound in oxygen 


The moment of inertia, /, of the cylinder about its own 

Ee 1 2 wl 2 & 2 
axis is 7 = 5; MR = ye 20x(0.25) = 0.625 kgm 
Given o = 100s7! 


Kot = $x 0.625x (100)? J = 3125 J. 





and hydrogen respectively and p,, р, be their 
corresponding densities respectively. Since sound travels 
under the same conditions of temperature and pressure 
and moreover both oxygen and hydrogen are diatomic 
gases having the same value for y, the ratio of the two 
specific heats. 


Be fe 
TIN 


^ Ур = ка = 1 = H 
AUG 16 4' Hence v, = 4n, 


Неге, р, = 1, р, = 16 


Velocity of sound in hydrogen = 4 times the velocity of 
sound in oxygen. 


(b) The time period of the clock controlled by a spring 
depends upon the force constant of the spring and the 
mass of the body suspended by it, so it will not be affected 
when it is taken to the moon. Hence the clock based on 
spring will give the same time on the moon as well as on 
the earth. But, in case of the clock controlled by a 
pendulum, time period is inversely proportional to the 


square root of acceleration due to gravity, i.e. Toc T=. 
v£ 
On the surface of the moon the value of g is much less 


compared to that on the earth. So the time period will be 
more and hence the clock will go slow. 


5. (a) The atomic spectrum of a substance is obtained 
due to transitions of electrons from one energy state (orbit) 
to another. Atom has only certain definite energy states 
corresponding to the stationary or permissible orbits of 
the electron. Hence only certain definite frequencies of 
radiation emitted by the atoms are possible resulting in 


| line spectrum of the atom. 


When a certain quantity of hydrogen gas is excited by 
supplying energy from outside source, millions of 
hydrogen atoms are excited. These atoms absorb different 
amounts of energy and the electrons of the atoms jump to 
quantum orbits of different energy levels. These electrons 
make transitions to the ground state by giving up different 


| quantities of energy: As a result, according to Bohr’s 


frequency postulate, they give rise to spectral lines 
corresponding to the photons of different frequencies. 
Contd. onpage no. 70 
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b SECTION - A 


1. A ball is dropped downwards. After 1 second another 
ball is dropped downwards from the same point. What 
is the distance between them after 3 seconds? 

(a) 25m (b) 20m (c) 50m (d) 9.8 m. 


F М, 
rests on the top of the slab. The M 
coefficient of static friction 
between the block and the slab is 0.5 and that of dynamic 
friction is 0.15. A force of 40 N is applied on the block. 
The resulting acceleration of the slab would be 
(a) zero (b) 2 m/s? (c) 1 m/s? (d) 5 m/s 


3. A ball of mass т; collides elastically and head on 
with another ball of mass m, initially at rest. In which 
of the following cases transfer of momentum will be 
maximum? 

(a) m, > т, 
(с) m, = т; 


2. А 30 kg slab rests оп a 
frictionless floor. A 10 kg block 


(b) m, < m; 
(d) cannot be said. 


4. A hollow cylinder and a solid cylinder having the 
same mass and same diameter are released from rest 
simultaneously from the top of an inclined plane. Which 
will reach the bottom first? 

(a) solid cylinder (b) hollow cylinder 

(c) both will reach the bottom together 

(d) the one having greater density. 


5. А substance breaks down by a stress of 10° N/m?. If 
the density of the material of the wire is 3 x 10? kg/m? 
then the length of the wire of that substance which will 
break under its own weight when suspended vertically is 
(a) 3.4m (b) 34m (c) 340m (d) 3400 m. 


6. А satellite is orbiting around the earth with a period 
T. If the earth suddently shrinks to 2/3" of its radius 
without change in mass, the period of revolution of 
the satellite will be 
(а) T/42 (Ы) T 


7. A tank has an orifice at its bottom. The volume of 


(c) T/2 (d) 2T. 
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liquid flowing out per second from the orifice does 
not depend upon 

(a) the area of the orifice 

(b) height of the liquid level above the orifice 

(c) density of the liquid 

(d) value of acceleration due to gravity. 


8. Two dissimilar springs fixed at one end are stretched 
by 10 cm and 20 cm respectively. When masses m, 
and m, are suspended at their lower ends. When displaced 
slightly from their mean position and released, they 
will oscillate with period in the ratio 


(a) 1:2 (b 2:1 (c) 1:141 (d) 141 :4. 


9. In a refrigerator, heat from inside at 277 К is 
transfered to the room at 300 K. How many joules of 
heat energy will be delivered to the room for each joule 
of electrical energy consumed ideally 

(a 13J (b) 26J (c) 12] (d) 11.5 J. 


10. A man on the ground finds that when he sees a jet 
plane just over his head, the sound is heard at an angle 
of 30? with the vertical from his left. If the velocity of 
sound is v, what is the velocity of the jet plane? 


2 
(с) "FR = 


(d) VET 

11. Two charges q, and q, repel each other with a force 
of 0.2 №. What will be the force exerted by q, and q, 
when a third charge is placed near them? 
(a) 0.2 N (b) > 0.2 N 
(c) «0.2 N 
(d) less than 0.2 if q, and q, are similar and more than 

0.1 if q, and q, are dissimilar. 


(a) v/2 (Ы) 2» 


12. A wire of resistance R is bent in the form of a 
circle. The resistance between two points on the 
circumference of the wire and at the end of a diameter 
of the circle is 

(а) R/4 (b) R/8 


13. The water in an electric kettle begins to boil in 
15 minutes after being switched on. Using the same 
main supply, by what percentage the length of the wire 
used as the heating element should be increased or 


(c) R16 (ду R/32. 
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decreased if the water is to boiled in 10 minutes? 
(a) decreased by 33% (b) increases by 33% 
(c) decreased by 67% (d) increased by 67%. 


14. A circular coil of radius ғ carries a current i. The 
magnetic field at its centre is B. At what distance from 
the centre, on the axis of the coil, the magnetic field 
will be 5/8? 
(a) 3r 


(b) 2r (с) 43r (d) J2r. 


15. The sensitivity of a tangent galvanometer will 
increase when 

(a) number of turns in the coil is deceased 

(b) number of turns in the coil is increased 

(c) radius of the coil is increased 

(d) none of these. 


16. 
(a) 
(b) 
(c) 
(d) 


17. A convex mirror of focal length f produces an image 
1/п times the size of the object. The distance of the 
object from the mirror is 
(a) (a + Vf 
п--1\ 
(c) | 
n 


qu 


18. A Young's double slit arrangement produces 
interference fringes for sodium light A = 5890 A that 
are 0.2° apart. What is the angular fringe separation if 
the entire arrangement is immersed in water whose 
refractive index is 4/3? 

(a) 0.10° (b) 0.15° (d) 0.30°. 


19. The focal length of a thin convex lens for red and 
blue coloured are 100.9 and 99.5 cm. The dispersive 
power of the lens is 

(a) 1.005 (b) 0.995 (c) 0.02 (d) 0.01 


20. If £j, E; and £; are three respective kinetic energies 
of an electron, an alpha particle and a proton each having 
the same de Broglie wavelength, then 

(a) E, > E,» E, (b) > E > E, 

(с) E, = E; = Е, (d) E,» Е > Ез. 


Which of the following is not a property of light? 
it involves transportation of energy 

it can travel through vacuum 

it has infinite speed 

it can travel in a material medium. 








(c) 0.20° 


21. The de Broglie wavelength of a neutron at 27°C 
is A. The wavelength at 927°C will be 
(a) A/9 (b) A/4 (c) A/3 (d) A/2. 


22. In the nuclear process, ¿C!! — ;B!! + B* + X, X 
stands for 
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| 
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(a) proton 
(c) neutron 


(b) electron 
(d) neutrino. 


23. For a common emitter circuit the current gain of 
a transistor is 60. If the emitter current is 6.6 mA, the 
base current is 
(a) 0.10 mA 
(c) 0.66 mA 


(b) 6.5 mA 
(d) none of these. 


24. For detecting intensity of light we use 

(a) photo diode in forward bias 

(b) photo diode in reverse bias 

(c) LED in forward bias (d) LED in reverse bias. 


25. If A = 1 = B, then in terms of Boolean algebra 
A+B equals 


(a) A+B (b) B (c) A (d) 4 or В. 


SECTION - B | 


Direction: In the following questions more than one 
of the answers given may be correct. Select the correct 
answers and mark it according to the code. 

Code: 

(а) 1, 2 and 3 are correct (b) 1 and 2 are correct 

(c) 2 and 4 are correct (d) 1 and 3 are correct 


26. Which of the following statements are true for a 

moving body? 

l. Ifits velocity changes, its speed must change and 
it must have some acceleration. 

2. If its velocity changes, its speed may or may пої 
change, and it must have some acceleration. 

3. [fits speed changes but direction of motion does 

not change, its velocity may remain constant. 

If its speed changes, its velocity must change and 

it must have some acceleration. 


4. 


27. Iftwo bodies are in motion with velocities vj and v; , 
then resultant velocity can be 


(1) Dole Jv? v? 
(3) |v{=0 
28. A ball is 


dropped onto a pad 
at O and rebounds 


(2) |vgl Iv £v» | 


(4) vo > c, speed of light. 


0.5m 


with a velocity и at 
an angle 60? with 
the horizontal as 
LO т 


shown in figure. The 
ball will enter a 
window W of width 
0.5 m at a height ] m, if u is 
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50 m/s (2) 1 m/s (3) 6 m/s (4) 5 m/s. 


. If a dipole is situated in a non-uniform field, 
LF =0: Хт=0 (2) ХЕ #0, but Хт=0 
LF=0, рш >t#0 (4) XFx0; >т=0. 


. A reference frame attached to earth 

cannot be inertial frame as earth is rotating about 
its axis 

is inertial frame by definition 

cannot be inertia! frame as earth is moving around 
its axis 

is inertial frame because Newton’s laws are 
applicable in this frame. 


31. A heavy stone is thrown from a cliff of height ^ 
in a given direction. The speed with which it hits the 
ground 

(1) must be larger than the speed of projection 

(2) must be independent of speed of projection 

(3) must depend on the speed of projection 

(4) may be smaller than the speed of projection. 


32. The moment of inertia ofa thin 
square plate 4BCD of uniform 
thickness about an axis passing 
through the centre O and 
perpendicular to the plate is 

(where /,, 4, h, /, are moments 
of inertia about axes 1, 2, 3 and 





<D 2, 


4 which are in the plane of the plate). 
(1) +], (2) В+ 1, 
(3) 1, +4, (4) lí * ht ht. 


33. An astronaut, inside an earth satellite experiences 

weightlessness because 

(1) the centripetal gravitational force on the astronaut 
is cancelled by the centrifugal force 


(2) no reaction is exerted by floor of the satellite 
(3) he is far away from the earth's surface 
(4) no external force is acting on him. 


34. When a capillary tube is dipped in a liquid, the 


surface inside the tube is hemispherical in shape. The 

tube is now pushed down so that the height of the tube 

outside the liquid is less than л 

(1) the liquid will fill the tube but not come out of its 
upper end 


(2) the liquid will come out of the tube like in small 
fountain 
(3) the free liquid surface inside the tube wil! not be 


hemispherical 


! 





liquid rises to a height л in the tube. The free liquid ; 40. 
(1) 
| (2) 
| (3) 


| (4) 


(4) the liquid will ooze out of the tube slowly. 


35. Ifin a thermodynamical process the initial pressure 
and volume are equal to the fina! pressure and volume 
respectively, then 

(1) final internal energy must be equa! to initial 

(2) final temperature must be equal to initial 

(3) net work done on the system must be zero 

(4) net heat given to the system is zero. 


36. Which of the following functions represent simple 


| harmonic motion? 


(2) sinwt + 2coswr 
(4) sino + cos20tr. 


(1) sin2wr 
(3) ѕіп20)7 


37. A transverse sinusoidal wave of amplitude a, 
wavelength À and frequency fis travelling on a stretched 
string. The maximum speed of any point on the string is 
y/10, where v is the speed of propagation of the wave. 
If a — 103 m and v = 10 m/s, then А and fare given by 
(1) 4 22n x 10? m (2) X 7103 m 

(3) f= 103/(2n) Hz (4) f= 10* Hz. 


38. The capacitance of a parallel-plate capacitor is Co 
when the region between the plates has air. This region 
is now filled with a dielectric slab of dielectric constant 
K. The capacitor is connected to a cell of emf E, and 
then slab is taken out. Then 

(1) charge EC,(K — 1) flows through the cell 

(2) energy CEK — 1) is absorbed by the cell 


(3) the external agent has to do 1 сук —]) amount 


of work to take the slab out 
the energy stored in the capacitor is reduced bv 
ЕСК — 1). 


39. Two electric bulbs rated 25 W, 220 V and 100 W, 
220 V are connected in series across a 220 V source. 
The 25 W and 100 W bulbs bulbs now draw powers 
P, and Р, respectively, then 

(1) Р = 16 № (2) P, 
(3) Р, = 4 № (4) Р» 


(4) 


=4W 
16 W. 


Which of the following statements is/are incorrect? 
both Peltier and Joule effects are reversible 
both Peltier and Joule effects are irreversible 
Joule effect is reversible, whereas Peltier effect is 
irreversible 

Joule effect is irreversible, whereas Peltier effect 
is reversible. 


41. A ring carrying clockwise current is placed in a 
uniform magnetic field. The direction of the field is 
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perpendicular to the plane of the ring inwards 
(1) there is not net force on the ring 

(2) the ring will tend to contract 

(3) the ring will tend to expand 

(4) torque on the coil is maximum. 


42. The meniscus of a liquid obtained in one of the 
limbs of a narrow U-tube is held in an electromagnet 
with the meniscus in line with the field. The liquid is 
seen to rise. This indicates that the liquid is 
(1) paramagnetic (2) ferromagnetic 
(3) diamagnetic (4) non-magnetic. 


43. The magnetic flux linked with a coil is ф and the 
emf induced in it is e. Then 

(1) if 6 = 0, e must be 0 

(2) if $ # 0, e cannot be 0 

(3) if e is not 0, ф may not be zero 

(4) none of the above is correct. 


44. Which ofthe following Maxwell's equations have 
sources of E and B. ? 


(D Gé-ds=+ 

S Eo 

- 1 а 

2) GB-dl = gl + р — d E-d$ 
(2) j ; Но + Hg he 
(3) ciao abe 

К ins 
(4) {в-а =0 


45. When lights of different colours moves through 
water, they must have different 

(1) wavelengths (2) amplitudes 

(3) velocities (4) frequencies. 


46. A bird flies down vertically towards a water surface. 
To a fish inside the water, vertically below the bird, 
the bird will appear to 

(1) be farther away than its actual distance 

(2) be closer than its actual distance 

(3) move faster than its actual speed 

(4) move slower than its actual speed. 


47. Photoelectric effect supports the quantum nature 

of light because 

(1) there is a minimum frequency of light below which 
no photoelectrons are emitted 

(2) the maximum kinetic energy of photoelectrons 
depends only on the frequency of light and not on 
its intensity 
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| (3) even when the metal surface is faintly illuminated, 
the photoelectrons leave the surface immediately 
‚ (4) electric charge of photoelectrons is quantised. 


| 48. An electron in a hydrogen atom makes a transition 
| from n= n, to n = п». The time period of the electron 
| in the initial state is eight times that in the final state. 
The possible values of n, and и, are 


(1) = 4, м = 2 (2) т = 6, п, = 3 
(3) д = 8, и = 1 (4) п = 8, п. = 2. 
| 49. Semiconductor devices аге 
| (1) temperature dependent 


(2) voltage dependent (3) current dependent 
| (4) none of these. 
| 50. Which of the following statements concerning the 


depletion zone of an unbiased p-n junction is (are) true? 
(1) the width ofthe zone is independent of the densities 
of the dopants (impurities) 

the width ofthe zone is dependent of the densities 
of the dopants 

the electric field in the zone is provided by the 
electrons in the conduction band and the holes in 
the valence band 

the electric field in the zone is produced by the 
ionized dopant atoms. 


_ SOLUTIONS 


1. (a): The ball A has fallen for 3 seconds, the distance 
travelled, 


m N 
1 581 


(2) 


(3) 


(4) 


Jl fore = IE 
2 


| The ball В has fallen for 2 seconds, the distance travelled, 


Separation between the two balls, 

S; — S, = 45 — 20 = 25 m. 
2. (c): Here force of limiting friction = pAhg 

= 0.5 х 10x 10=50N 
As applied force is 40 № i.e. less than the force of 
limiting friction, block shall not move. 
The slab will however, move with acceleration 

Fore Ea 40 

Мү+ М. (30+10) 

3. (с) : Transfer of kinetic energy and hence momentum 
is maximum when ту = m. 


2 
-]nm/s*. 


2 


1 
4. (a): For solid cylinder, /, = = MR 





| For hollow cylinder, /, = MR? 
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As I, > I, therefore angular acceleration, Qj < a, 
Hence solid cylinder reaches the bottom first. 


5. (b): Breaking force = breaking stress x area of 
cross section = weight of wire 
10° x A = Al x pg 
10° 10° 


=— ЗЇ m. 
eg 3х10*х9.8 


or. /= 


6. (b): p= 2 эл, | 
y GM 


where r is the radius of the orbit of satellite. As T is 
independent of radius of earth, hence 7 remains 
unchanged, when earth shrinks. 


7. (с) : Volume of liquid flowing out per second through 
the orifice = Ay = A gh ; which is independent of 
density of liquid. 

8. (с): mg = к, x 10 ; mg =k, х 20 


m 10 m, 20 
So, 7--7— and —5- — 
mp DUC 
f, = 2r | = 25 10 Ty= 2a J = 2m 
YA Ys y p 
DETOU 
59, т, үз 1414 
9 f f perfi - eT 
- (a): Coefficient of performance = GREY 
Gem Se]. о, 
1 300-277 23 
AQ Q.-Ws1-12131. 
10. (a): If is velocity of jet, then as per question, 
sin30°=— or V =vsin30°=— 
y 
11. (a): Force exerted by q, and q, on each other remains 


the same (7 0.2 N) and is not affected by the presence/ 
absence of any other charge. 





12. (а) : In this arrangement, there аге two resistances 
each of value R/2 connected in parallel. So the equivalent 
resistance is R/4. 
13. (a) : Heat produced, 
2 y2 
п-и. r=) 
R rA \ A 


72 ‚2 
According to question, H = HR gu ee) 





ph pl 
tj. d hh 10/4, 2 
tat or, P = 4. = п, -h 
h bh f llis TS 
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| % decrease in length = 








а 2 
1-2 


1] 


2 
=| 1-5 }х!%о=эз 


14. (c) : Magnetic field at centre, p= test 
Magnetic field at a point on the axis, 
В A = 5 
As B = B/8, ipe = 
(г? +х?у 8r 


8? 2(7 + х2) 2 ог, 2r=(r xy? 








ог, 4r = r? + x? or, x = V3r. 
Н 
15. (b): / = tan Ө. 
пу 


The sensitivity can be increased (i.e. more deflection 


2rH . i 
for the given current) if. —— is decreased. It will be 
n lo 
so if n is increased, r is decreased and // is decreased. 


16. (c) : Light does not travel with infinite speed. 


h —) 
17. (b) : т=—-=—_. Here, image is virtual. 
u 


hy 
1 
hy =— 
n 
lh -v - 
A e or, prm and 
nh wu n 
f for convex mirror is positive 
1 фе] ТТ 1 1-и 
—=— + — ста ee LR a 
Ги f u ип u 
n u-(l-nf ot -u= (n~ IY. 


18. (b): u= velocity of light in air(c) vÀ А 4 
ч "velocity of light in water (¥) үл X 3 
As, eset 990: 3 
0 Ө A 0 4 
1 de. o9 
or, Ө= vigne iim 0.159. 
19. (d) : Dispersive power of lens @ is 
Гр fp | 100.9-99.5 
- = =0.013 . - 0240.01 
} 
20. (а) x a or, реа бы 
ту Ат 
B= lav? -—m ire l d 
2 Aum 2 Ат 
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i.e. Е e |/т. 
Mg > т, > т Ej EA > Es. 

B h Lh 

J2mE | J2mx(3/2)kT — V3mkT 


ie. Xocl/ NT; so 


et 





21. (d) : A= 


Te x] 2734-27 А 
ү 75 273--927 2 
22. (d) : ,C'! > Ви + f* + „х 
Conservation of mass number: 
ll211-*0-4, . 4720 
Conservation of charge number: 


Ое ЕУ; Z=0 
Hence X stands for neutrino. 
T5 
23. (а): В=-— ог, (= B/g = 60/5 


T 
“н 
Since. Z; = [jy + le 
Ij = 15 + 6014 = 611, 
Ij 6.6x107 
61 


24. (b) : To detect the intensity of light, we use 
photodiode in reverse biased. 

25. (d): 4+B=14+1=04+1=1=A orB. 

26. (c) : Velocity = speed + direction. If velocity changes, 
the direction of motion of body may change, the speed 
of body may or may not change. The change in velocity 
must produce acceleration. If speed changes, then 
velocity of body must change and hence there must be 
an acceleration. 


= 0.108 mA. 


27. (а): у= RE 3e val 2wv, cos 
If Ө has any value between 0° їо 180°, then соѕ0 will 
be positive. zero or negative. 


28. (d): Take horizontal motion from О to W, we have 


3 1 
у= н or, YÈ созбо 


or = 4/3 /и (0) 
Taking vertical motion from О to W, we have 


EA 
scubl--sl. If s = 1.0 т, 


a NVO 3 
1.0 = usin 60° x — = —x10x— 
yu 2 u^ 


0 or w= J30 


o 
= 
| 
1 
| 
| 
і 
о 
2 
к 
1 
Ul 
i 
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| If s = 1.5 m, then 
3 ox о 15 
ENTUM Ao NEUE] 
u 2 u^ 2 


So the ball will enter the window with all velocities 
greater than 5 m/s upto e». 

29. (c) : In anon uniform field, £ F 0. When dipole 
is aligned with field, £t=0 and when dipole is not 
aligned, X120. 


30. (d) : A reference frame attached to earth is not 
inertial because rotation of earth around its axis as 
also around the sun are not uniform. 


31. (d): Thespeed with which the body hits the ground 
IS v— Ji +g r. Clearly, v depends on и and v > и. 


32. (a) : According to theorem of perpendicular axes 
= 1, +h and [= h+) 


AS In = h, veel = Ty tiy 
-GMm, | ту" 

Вар a 
r^ DN 





34. (4) : The angle of contact at the free liquid surface 
inside the capillary tube will change in such a way so 
that the vertical component of the surface tension forces 
just balance the weight of liquid column. 


35. (b) : The process must be cyclic. Therefore, final 
temperature — initial temperature. As internal energy 
of an ideal gas is a function of temperature alone, 
therefore, final internal energy = initial internal energy. 


36. (b) : A motion will be simple harmonic 
if acceleration œ —y 


dy 
(i) As y = 51п20/, v= A = 200621 


dv : 
Acceleration — F = 4o? sin2wt = -4w y 


So, у = sin2w¢ represents simple harmonic motion. 
(ii) y = sing: + 2coswr 


/ n 
у= as о соз @/ — 20sin of 
dt 


dv DES 2 
Acceleration = 21 =—@ sino — 2w" cosot 
= (sino: + 2coswt) = —oXy. 
The given function represents simple harmonic 
motion. 
The remaining two functions do not represent simple 
harmonic motion. 


37. (d) : Maximum speed of any point on the string 





—ao-v/l0 
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or, a2mf = v/10 
Bos ct NET: IU: 
20ла 20nx10?  ?m 
, ” 
xc WO eal oe 
T alus 


38. (a) : (a) Initial charge = (KC))E 
Final charge = Cok 
Charge that flows through the cell 

= КСЕ — Cok = ЕСК — 1) 
(b) Initial energy = KCE? 
Final energy = CE? 

Energy absorbed by the cell 

= KCE — СЕ? = СЕ (К ~ 1) 
(c) Work done in taking out the slab 


alga -log2loggk- 
eg KOE? - GE! = = CVENK 0) 


Z 2 2 
ys y? V 
39- (djs R= —==— and RSS 
RESP E 25 a 300 
V y 20 
Current, / = — 





RR, (?/25))(V?/100) V 


2 





20Y y? 
Power in 25 W bulb = PR, = | >| x 25 =16 W 


(20V y 
Power in 100 W bulb = 22, = nd x —-4W 
Vy 


40. (a) 

41. (d) : When a clockwise current carrying coil is 
placed in a perpendicular uniform magnetic field, there 
is no net force on the ring and ring will tend to expand 
as the direction of force on every part of the ring is 
acting outwards. 

42. (b): The liquid level rises in case of paramagnetic 
and ferromagnetic liquids, as they tend to move from 
weaker parts to stronger parts of the field. 

43. (d): As e = 20/41, therefore, if 9 = 0, e = 0, However, 
e can be zero, when Фф = constant + 0. If e + 0, 
do/dt + 0, ф may not be zero. 

44. (a) : The equation | and 3 are related to source of 
electric field and equation 2 with source of magnetic 
field. 

45. (a) : When light of different colours move through 
water, they have different wavelengths, different 
velocities and different amplitude. 


46. (d) : For light travelling from bird (rarer medium) 
to fish (denser medium), y, = 1 and u, = и ~ refractive 
index of water. 
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Let u= -x. 
uU щш! 
As =—, 04 у= рх 
Tae [> m 
АЦ у үү куа 
Also, speed of bird = dx/dt 
Кыке OSD ee 
pparent speed of bird = Н > 25, 


47. (a) : According to quantum nature of light, the 
light travels as packets of energy called photons. Each 
photon is of definite energy which does not change 
with the change in intensity of light. Using this concept 
all the alternatives (1), (2) and (3) can be understood 
easily. 


5 
"тр . = 
z “т? T H 3 
48. (б): T, 2 ——* ос ос — xn 
Vn vw, Л 
2 
8 [n \ п 
i Bi m . =9 
Here, —-| — r 2280 wt =; 
1 m ) Ny 





49. (d) : Semiconducting devices are current dependent 
and temperature dependent as electrical conductivity 
of semiconductor increases with increase in temperature. 


50. (c) : The width of depletion zone of an unbiased 
p-n junction is dependent of densities of the dopants. 
The electric field in the zone is produced due to ionized 
dopant atoms. 

m 


Available 


П 
n 


RER 





"py ed 2008 | 


at leading 
book-shops 
throug hout 
- India. 


wé&G MTG BOOKS 

3 z 503, Taj Apt., Ring Road, Near Safdarjung Haspital, 
Zama New Delhi - 29 Tel: 26194317, 26191601 

BOOKS e-mail: info@mtg.in website : www.migin 





PHYSICS FOR YOU | Ма 


Contd. from page no. 26 


(b) The maximum energy of the photon in the radiation 


is given by E = Аъ ах = КЕ 


тш 


Now A. = 0.45 A = 0.45x10 m 


6.6x107* х3х10* , 

0.45x10-? 

6.6x107* x 3x 10* 

0.45x10 9 x 1.6x 107 

= 27.6 x 10? eV = 27.6 keV 
The accelerating voltage for electrons to produce X-rays 
in the X-ray tube is 27.6 keV. 
(c) Fora semiconductor, the valence band is totally filled 
and the conduction band is empty at absolute zero 
temperature. But the forbidden gap between conduction 
band and valence band is quite small for semiconductor. 
For example, it is only 0.72 eV for germanium and 
1.1 eV for silicon. Near absolute zero, the electrons cannot 
cross even this small forbidden gap. But as the 
temperature is increased, more and more number of 
electrons in the valence band acquire thermal energy to 
cross the forbidden gap and move to the conduction band 
where they can move under the action of even small 
electric field. Hence the conductivity of semiconductor 
increases with increase in temperature. 


ed 


or Ё = 


6. (a) Heat absorbed by the system in going from state 
A to state B. | 

= 9.35 calorie = 9.35 x 4.19 Ј = 39.18 J 
Also, total work done on the system in going from state 
A to state B = 22.3 J. 
^. Net work done by the system in the process 

= (39.18 – 22.3) J = 16.88 J = 16.9 J. 
(b) The land is more quickly heated or cooled than sea- 
water because specific heat of land is less than that of 
sea-water. So during the day time the land becomes more 
heated and lighter than the air over sea-water. As a result, 
lighter hot air on land rises up, and to maintain an 
equilibrium in pressure, cooler air over the sea flows 
towards the land. The flow of air from the sea to the land 
during day time is known as sea-breeze. Thus the higher 
specific heat of water causes the sea-breeze. 


7. (a) The potenital energy gained by the bob of the 
pendulum in the position PR = mgh 
where лт is the mass of the bob. Gain in potential energy 
of the bob = m x 9.8 x 2 = 19.6 m. 
Since 396 of the initial energy is dissipated against air 
resistance the energy possessed by bob when passing 


across point O is = 19.6 mx. = 19.012 m. 


70 


Let v be the speed of the bob when it is at the point O. 


Then we have ime = 19.012 т; v= 19.012 x 2 


v = /19.012x2 = 6.166 ms '. 
(b) The rise in temperature of water is 

АӨ = [(41 + 0.1) ~ (16 + 0.5)C 

= [(41 — 16) + (0.1 + 0.5)PC = 25 + 0.6°C 

The logic of this again becomes clear if we note that. 
Final temperature is anywhere between (40.9 and 41.1)°C 
and initial temperature is anywhere between (15.5 and 
16.5). The rise is therefore between (40.9 — 16.5) and 
(41.1 — 15.5) or between 24.4°C and 25.6°C. This is just 
the range indicated by the above equation of the 
temperature rise. 





2 


5 
8. (a)Given У = -3t +16¢ +2. 


AE e 1 
Comparing it with s = ut + за". we have 


= T a 2 u— m 
и= 16 ms'! and 5 — 3 ога z ms”, 


For a body to come to rest, the final velocity v = 0, 


using these values — v = u + at — 0 = 16-54 


ог = 12 s. 

(b) The co-efficient of friction and hence the frictional 
force between the surfaces of same material is greater 
than that in case of dissimilar material surfaces. So to 
reduce the frictional force, machine bearings are made of 
one metal while their rotating shafts are made of'a different 
material. 


1 М/с 
өзүн 


for Balmer series n, = 2 
for longest wavelength n, = 3 


36; L1. 336 
À-2—x—2—x9]0À-2 2 V 
s Xs 5 x910 À 26552 À | 


for shortest wavelength, m, = о 


ta) 


a = =4x910A = 3640 A. 


1 N 
—.2910À 
R J 


\ 
9. (a) Let: be the current drawn. The total power drawn 
from the d.c. source is then £i out of which a part ??r gets 
dissipated (as heat) in the internal resistance of the source. 
The power output, P, of the source is then P = ei—rr 
We want P to be a maximum. For this we must have 
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ар ПР = A E 
di = 0. Now, d £xl-rx2i = £—-2ri 
dP - g€ 
— = 0 = — 
Thus Z when ; 2r 


Thus the power output of the source is maximum when 
the current drawn is £/2r. 
(b) if v is the drift speed of electrons, the current / is 

1 = Ánev (i) 
where л is number of free electrons per unit volume. To 
obtain we note that it is equal to number of atoms per 
unit volume because there is one free electron per atom. 
The number of atoms per unit volume is obtained from 
the fact that Avogadro number of atoms constitutes one- 
gram mol. of material. Therefore 


221 gemein. 6.02 x 107? x 1.92 x 10" 
cs M 63.5x107 
= 8.5x 1028 atom/m? (ii) 
From equations (i) and (ii) 
5 
v = 1.2 х 10 ms" 


73х10 x 6x10 х8. 5x10" 
(c) Letthe magnet VS 
of pole strength ; be 
held vertically with its 
north pole N resting on 
a horizontal table. P is 
a point on the table 
such that PN — 3 cm 
(figure). 
The intensity at P due 
to the N-pole of the magnet is given by /7, = m/3? in the 
direction as shown in the figure. 
The intensity at P due to the S-pole of the magnet is 





H, 


3 cm p 


Now, PS? = PN2 + NS? = 32 + 42 = 25 
Н, = т/25 along PS am os 
The horizontal component of H, is H, cos Ө = 55 x s 
N 3 
[as cos Ө = Ps 3] 


For P to be a neutral point, we must have 
H,- H5cos0—- H 
[H = Horizontal component of earth’s magnetic field] 


a ox жш? [220.2] 

9 25 5 

„|233 Д ES o 
or (9 ps] 702 or m= 3g unit 


Therefore, the moment of the magnet is 
M = pole strength x length of the magnet 


225 


Jo 
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10. (a) The speed of sound in a gaseous medium is 
inversely proportional to the square root of its density i.e. 


yo Jip. Now, the density of water-vapour is less than 
air and so the density of moist air (air mixed with water 
vapour) is less than the density of dry air. Hence the speed 
of sound is greater in moist air than in dry air. But the 
density of hydrogen is less than the density of water vapour 
and hence the density of moist hydrogen is more than the 
density of dry hydrogen. So the speed of sound in moist 
hydrogen will be less than in dry hydrogen. 

speed of light in vacuum 


(b) "eas — ~ Speed of light in glass 
3x105 ms 
or 1.5 LX o FTIIT TEENS 7 
speed of light in glass 


8 
x do ms^! 22 х 10% ms". 





-. Speed of light in glass = 3 


(c) Yes. The image в 
formed will still be of 
full size. The ray 
diagram showing the 
formation of image is as 
shown in figure. It may be pointed out that the intensity 
of the image will be lesser, when the lower half of the 
lens is painted black. It is because, light gathering power 
of a lens depends upon its diameter. 


1.5 
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Find the resultant of 
three vectors QA,OB 


and Qc shown in the 
following figure. 4 
Radius of the circle is А. 

(a) 2R 

(b (1+2) 

(с) к/з (d к(/2-1) 

Radius of the curved road on national highway is R. 
Width of the road is b. The outer edge of the road is 
raised by й with respect to inner edge so that a car 


with velocity v can pass safe over it. The value of A 
is 


У d YR vb 
@ ж. OR (007. OF 
A particle originally at 


rest at the highest T 
point of a smooth / ^ 
vertical circle is 

slightly displaced. It 

will leave the circle at 

a vertical distance h 

below the highest point such that 

2R 


R R 
= h2— =e = 
@ A=R Чу) A= © h-- MARS 


A particle of mass m, 
initially at rest, is 
acted upon by a 
variable force F for a 
brief interval of time 
T. It begins to move 
with a velocity u after 
the force stops acting. Ё is shown in the graph as a 
function of time. The curve is a semicircle" 





Time T 





E? nT? 

2-255. mun 
DE: 2m ore 8m. 
as nFT S urs ЕТ 

(c) 4m (d) 2m 











6. 


A horizontal force of 
10 N is necessary to 
just hold a block 
stationary against a 
wall. The coefficient 
of friction between the 
block and the wall is 
0.2. the weight of the block is 

(a) 2N (b 20N (с) 50N (а) 100N 


A block is kept on an inclined plane of inclination 0 
of length 7. The velocity of particle at the bottom of 
incline is (the coefficient of friction is u) 


(а) ./221(џсоѕ0 – ѕіпӨ) (b) \/281(зїп@ —pcos0) 
(c) J2gl(sin8--ucos8) (d) J2gl(cos0 + psin6) 


A concave mirror is used to focus the image of a 
flower on a nearby well 120 cm from the flower. If a 
lateral magnification of 16 is desired, the distance 
of the flower from the mirror should be 

(а) 8cm (b) 12cm (c) 80cm (d) 120cm 


Immiscible 


transparent liquids А 1.31 
A,B,C,D апа Е are В 153 
placed in а rectangular с 1.62 
container of glass with D 1.52 
the liquids making E 1.66 


layers according to 

their densities. The refractive index of the liquids 
are shown in the adjoining diagram. The container 
is illuminated from the side and a small piece of glass 
having refractive index 1.61 is gently dropped into 
the liquid layer. The glass piece as it descends 
downwards will not be visible in 

(a) Liquid A and B only (b) Liquid C only 

(c) Liquid D and E only (d) Liquid A, B, D and E 


On a glass plate a light wave is incident at an angle 
of 60*. If the reflected and the refracted waves are 
mutually perpendicular, the refractive index of 
material is 


Momentum, 1495, Near Stadium, Wright Town, Jabalpur (M.P.) Phone : (0761) 4005358, 4035241 
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43 3 1 
pas (b J3 © 5 (d) B 
The wavelength of sodium light in air is 5890 Å. 
The velocity of light in air is 3 x 10° ms". The 
wavelength of light in a glass of refractive index 1.6 
would be close to 
(a) 5890 А (b) 3681 Å (c) 9424 Å (d)15078 Å 


Which of the following statements is correct? 

(a) In vacuum, the speed of light depends upon 
frequency. 

In vacuum, the speed of light does not depend 
upon frequency. 

In vacuum, the speed of light is independent of 
frequency and wavelength. 

In vacuum, the speed of light depends upon 
wavelength. 


(b) 
(c) 
(d) 


Glass has refractive index u with respect to air and 
the critical angle for a ray of light going from glass 
to air is 0. If a ray of light is incident from air on the 
glass with angle of incidence 6, the corresponding 


angle of refraction is 
4 \ 


Е. АІ 
(а) sin Ux] (b) 90° 


(c) se (d) 21e 
Н, н 


. Two lenses have focal lengths f, and f, and their 
dispersive powers аге œ, and œ, respectively. They 
will together form an achromatic combination if 
(a) Of = OF (b) 0,f,+0,f, =0 

(с) © +f, =0,+f (d 0,-f,=9,-f 


. If x is the distance of an object from the focus of a 
concave mirror and y is the distance of image from 
the focus, then which of the following graphs is 


correct between x and y ? 
(a) | 7 (b) NC 
X 
y y 
Ж 
© IX (d) 
If a particle of charge 10- coulomb moving along 
the x-direction with a velocity 105 m/s experiences a 
force of 10? newton in y-direction due to magnetic 
field, then the minimum magnetic field is 


(a) 6.25 x 10? tesla in z- direction 
(b) 10-P tesla in z- direction 
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(c) 6.25 x 10? tesla in z- direction 
(d) 102 tesla in z- direction 

A metallic ring 
connected to a rod 
oscillates freely like a 
pendulum. If now a 
magnetic field is 
applied in horizontal 
direction so that the 
pendulum now swings through the field, the 
pendulum will 

(a) keep oscillating with the old time period 

(b) keep oscillating with a smaller time period 

(c) keep oscillating with a larger time period 

(d) come to rest very soon 





In a magnetic field of 0.05 T, area of a coil changes 
from 101 cm? to 100 cm? without changing the 
resistance which is 2 ©. The amount of charge that 
flow during this period is 

(а) 2.5 x 10% coulomb (Ы) 2 x 10% coulomb 
(c) 105 coulomb (d) 8 x 10% coulomb 


A generator produces a voltage that is given by 
У = 240sin120t, where t is in seconds. The frequency 
and rms voltage are 

(a) 60 Hz and 240 V (b) 19 Hz and 120 V 
(c) 19 Hz and 170 V (d) 754 Hz and 70 V 


Which of the following is wrong statement? 

(a) An emf can be induced between the ends of a 
straight conductor by moving it through a 
uniform magnetic field. 

The self induced emf produced by changing 
current in a coil always tends to decrease the 
current. 

Inserting an iron core in a coil increases its 
coefficient of self induction. 

According to Lenz's law the direction of the 
induced current is such that it opposes the flux 
change that causes it. 


(b) 


(c) 
(d) 


The adjoining figure 

shows two bulbs B, 

and B, resistor R and 

an inductor L. When 

the switch $ is turned 

off 

(a) both B, and B, die 
out promptly 

(b) both B, and B, die out with seme delay 

(c) B, dies out promptly but B, with some delay 

(d) B, dies out promptly but B, with some delay 





чыш M 


The focal lengths of the objective and the eye-piece 
of a compound microscope are 2.0 cm and 3.0 cm 
respectively. The distance between the objective and 
the eye-piece is 15.0 cm. The final image formed by 
the eye-piece is at infinity. The two lenses are thin. 
The distances in cm of the object and the image 
produced by the objective measured from the 
objective lens are respectively 

(a) 2.4 and 12.0 (b) 2.4 and 15.0 

(c) 2.3 and 12.0 (d) 2.3 and 3.0 


A hollow double concave lens is made of very thin 
transparent material. It can be filled with air or either 
of two liquids L, and L, having refractive indices n, 
and n, respectively (n, >n, > 1). The lens will diverge 
a parallel beam of light if it is filled with 

(a) Air and placed in air 

(b) Air and immersed in L, 

(c) L, and immersed in L, 

(d) L. and immersed in L, 


Velocity time (v-t) 
graph for a moving 
object is shown in the 
figure. Total | 
displacement of the 

object during the time 
interval when there is 
non-zero acceleration and retardation is 
(а) 60m (b 50m (0) 30m 


In the circuit shown, a 
meter bridge is in its 
balanced state. The 
meter bridge 4 
wire has a resistance 

0.1 ohm/cm. The value 

of unknown resistance 

X and the current drawn from the battery of negligible 
resistance is 

(а) 60, 5 amp (b) 100, 0.1 amp 

(c) 4 Q, 1.0 amp (d) 12 Q, 0.5 amp 


Two ions having masses in the ratio 1 : 1 and charges 
] : 2 are projected into uniform magnetic field 
perpendicular to the field with speeds in the ratio 
2 : 3. The ratio of the radii of circular paths along 
which the two particles move is 

(a) 4:3 (b) 2:3 (c) 3:1 (d) 1:4 
A straight wire carrying a current i, amp runs along 
the axis of circular current i, amp. Then the force of 
interaction between the two current carrying 
conductors is 


(a) ә 





O 18 203040 5060 
fiset) 


(d) 40 m 


sv! 


(b) zero 








Ho 245 Nin 
4n г 


©) (Nin 

A solenoid has 2000 turns wound over a length of 
0.30 metre. The area of its cross-section is 1.2 x 10? m?. 
Around its central section, a coil of 300 turns is 
wound. If an initial current of 2 A in the solenoid is 
reversed in 0.25 sec, then the emf induced in the 
coil is 

(a) 6x10^V (b) 48x10? V 

(с) 6x10? V (d) 48 mV 

A closely wound coil of 100 turns and area of cross- 
section 1 cm? has a coefficient of self-induction 
1 mH. The magnetic induction in the centre of the 
core of the coil when a current of 2 A flows in it, 
will be 

(a) 0.022 Wb m? (b) 0.4 Wb m? 

(c) 0.8 Wb m? (d 1 Wb m? 


The coil of dynamo is rotating in a magnetic field. 
The developed induced emf changes and the number 
of magnetic lines of force also changes. Which of 
the following condition is correct? 

(a) Lines of force minimum but induced emf is zero. 
(b) Lines of force maximum but induced emf is zero. 
(c) Lines of force maximum but induced emf is not 
Zero. 

Lines of force maximum but induced emf is also 
maximum. 


(d) 


An alternating current is given by the equation 
i-i, cos œt + i, sin wr. The r.m.s. current is given by 


12. 4 1 
(а) zb (b) pth): 


Loo 6 
1/2 (d) ;G +i) 


ASA. 


( 50 
7 


dl s 
(c) Tm ) 
Seven resistors, each 
of 1 Q, are connected 
as shown in the figure. 
The effective 


resistance between A 
and B is 


© 49 o 2n 
3 2 
(c) 7Q 


Sixteen resistors each 
of resistance 16 Q are 
connected in the 
circuit as shown. The 
net resistance between 
AB is 


(a) 10 (b) 2Q 
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34. 


36. 


38. 


(c) зо (d) 4Q 

If the current flowing 

through the 3 Q 3Q is 
resistor is 0.8 A, the 

potential drop across О 


the 4 О resistor is 
(a) 1.6V (Ы) 24У i 
(с) 4.8V (d) 9.6V 
The effective resistance between points P and Q of 
the electrical circuit shown in figure is 

2Rr 
(a) R+r 


8К(К + r) 


(b) 3R+r 
(c) 2r+4R 





5R 
(d). 7g 32r 


The speed of a projectile 4 reduces by 50% on 
reaching maximum height. The range on the 
horizontal plane is 


2 „Зи? Зу? 


2g (a) g 


3g 





u 2 
(a) (b) РЧ (с) 


One second after the projection, а stone moves at an | 


angle of 45° with the horizontal. Two seconds from 
the start, it is travelling horizontally. Its angle of 
projection with the horizontal is (given g = 10 ms?) 
(a) 60? (b) tan1(4) 

(c) tan*(3) (d) tan-(2) 

A projectile can have the same range R for the two 
angles of projection. If t, and t, be the time of flight 
in two cases, then what is the product of two times 
of flight ? 
(а) ht 9: А (b) tt, R^ 


1 1 
hi, е — (d) #7, = 
(c) tt, Р (d) 4, р? 


A weight of 1Кр is 
suspended as shown 
in figure. The tension 
in the horizontal cord 
will be 

(a) 0.5 kg wt 

(b) 52 kg wt 

(с) 1.0 kg wt (d) 2kg wt 

A block of mass M is pulled along a horizontal 
frictionless surface by a rope of mass m by applying 
a force P at one end of the rope. The force which the 
rope exerts on the block is 


(a) 





PM 
M+m 








Wa (b) 
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42. 


43. 





Рт 
©) М+т 
The work done in increasing the voltage across the 
plates of a capacitor from 5 V to 10 V is W. The 
work done in increasing the voltage from 10 V to 
15 V will be 





(d) Pm (M +m) 


4w 5W 
(a) W (w^ ra aL ay 


3 

The radii of two spheres forming a spherical 
condenser are 0.5 m and 0.6 m. If a medium of 
dielectric constant 6 is completely filled in between, 
the capacity of the condenser will be 

(a) 3.3 x 10" F (b) 2 x 10° F 

(c) 2F (d) 18F 

A charge Q is divided into two parts and the two 
parts are separated by a certain distance. The force 
between them will be maximum if one of the charges 
is 


Q Q 
(a) 2 (b) 3 

Q 
(c) 4 (d) none of these 


Electric charges q, q and —2q are placed at the three 
corners of an equilateral triangle of side /. The 
magnitude of the electric dipole moment of the 
system is 


(a) 41 (D 2gl (о) J3gl (d) 441 
Two circula: coils have number of turns in the ratio 
1 : 2 and radii in the ratio 2 : 1. If the same current 
flows through them, the magnetic fields at their 
centres will be in the ratio 

(a) 1:1 (b 1:2 (c) 2:1 (d) 1:4 
Force between two long straight parallel current- 
carrying wires is F. If the current in one of them is 
doubled, the force between them will be 


(a 2F (b J2r (©) 2/2F (d) 4F 


. T Я 4 я 
If a current / =I, sin[ o -i flows in a circuit 


across which an alternating potential E = E, sin wr 
has been applied, then the power consumed in the 
circuit is 


RT 
070 





ЕЛ EI 
(a) С JA (b) (c) ИД (d) zero 


A current of 2 A flowing through a coil of 100 turns 
gives rise to a magnetic flux of 5 x 10° Wb per turn. 
The magnetic energy associated with the coil is 

(a) 5J (b 057 (с) 0057 (d) 0.005J 








50 


A‘ vessel of depth d is half filled with a liquid of 
refractive index u, and the other half is filled with a 
liquid of refractive index џ,. The apparent depth of 
the vessel, when looked at normally, is 


м Њ 


d Ж 
(c) =, tH.) (à 4 [+++] 
2 2\ш Hy 


(а) d (u, +u) 


- A man standing in a swimming pool looks at a stone 


lying at the bottom. The depth of the swimming pool 
is h. At what distance from the surface of water is 
the image of the stone formed Line of vision is 
normal, Refractive index of water is n 


h n 
(а) — (b) h 


n 
For two positions of a lens, the images are obtained 
on a fixed screen. If the size of object is 2 cm and 
the size of diminished image is 0.5 cm, the size of 
the other image will be 
(a) lcm (b) 4cm 


(c) À (d) hn 


(с) 8cm (d) 16cm 


The minimum value of п for which g subshell is | 


possible is 


(a) 6 (b) 5 (c) 4 (d) 3 

The charge to mass ratio of a particles is 
approximately ........... the charge to mass ratio of 
protons 

(a) twice (b) half 


(c) four times (d) six times 


The number of spherical nodes in 3p subshell is 
(a) three (b) two (c) one (d) zero 


Which of the following sets of elements would have | 


the lowest first ionisation energy (ТЕ)? 
(a) Mg (b) Rb (c) Li (d) Ca 


Beryllium has diagonal relationship with 
(a) Li (b) B (c) Na (d) Al 


The size of the following species increases in the 
order 

(a) Mg” < Nat < F < Al (b F < Al < Nat <Mg” 
(с) Al< Mg* < Е < Na* (d) Nat < Al < F- <Mg” 


The inability of N to form NCI, is due to 

(a) non-availability of vacant d orbital in valence 
shell of N 

(b) high ionisation energy of N 

(c) low electron affinity of N 

(d) small size of N atom. 
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Which of the following overlap of orbitals is/are 
incorrect ? 


(a) LII (6 ШШ (c) HLIV (d) LIV 
ВСІ, is a planar molecule because in this molecule 
boron is 

(a) sp? hybridised 
(c) sp hybridised 

Dehydration of sucrose, C,,H,O,, by concentrated 
Н,50, gives purest form of carbon. The amount of 
carbon which can be obtained from 34.2 g of sucrose 
is 

(а) 14.4g 

(c) 3.2 g atom 





(b) sp-hybridised 
(d) unhybridised 


(b) 12 g atom 
(d) 14.4 g atom 
In the reaction, 2Na,S,O, + I, — Na,S,O, + 2Nal, 


the equivalent mass of 2Na,S,0,(Mol. Mass = М) is 
(a) М (b) М/2 (c) МЗ (d) M/4 

An endothermic reaction, А — В, has an activation 
energy as x kJ mol" of A. If energy change of the 
reaction is y kJ, the activation energy of reverse 
reaction is 
(a) -x (D x-y (0) x+y (d) y-x 

The rate constant for a first order reaction is 
1 x 107s". The concentration of the reactants would 


be reduced from 1 mole to 0.25 mole in 


(a) 10? sec (b) 69.3 sec 

(c) 0.5 x 10? sec (d) 138.6 sec 

Ratio t/t,» for a first order reaction would be equal 
to 

(a) 7 (b) 2 (c) 8 (d) 3 


Vapour density of PCI, is 104.16 but when heated to 
230°C its vapour density is reduced to 62. The degree 
of dissociation of PCI, at this temperature will be 
(a) 6.8% (b) 68% (с) 46% (а) 64% 
For an elementary reaction, the specific rate constants 
for forward and reverse reactions are 0.50 and 
5 x 10* respectively.'The equilibrium constant for 
the reaction would be 

(a) 2.5 x10 (b) 2.5 x 10* 

(c) 1 x I0? (d) 1 x 10° 

The weakest base among the following is 

(a) H- (b CH; (о) CHO- (d) СГ 





i. The concentration of [H*] and concentration of [OH] 


70. 


71. 


73. 


74. 


75 


76. 


of а 0.1 М aqueous solution of 2% ionised weak 
acid is [ionic product of water = 1 x 107^] 

(а) 0.02 x 10? M and 5 x 10" M 

(b) 1x10? Mand3x 10 M 

(с) 2x10?M and 5 x 10" M 

(d) 3x 102M and 4 x 10? M 


The molal elevation constant of a liquid is the ratio 
of elevation in boiling point to 

(a) molality (b) normality 

(c) molarity 

(d) mole fraction of solvent 

Osmotic pressure of 30% solution of glucose is 
1.20 bar and that of 3.42 96 solution of cane sugar is 
2.5 bar. The osmotic pressure of the mixture 
containing equal volumes of the two solutions will 
be 

(a) 2.5 atm (b) 3.7 atm 

(c) 1.85 atm. (d) 1.3 atm. 


Determination of correct molecular mass by 
measuring colligative property applies to 

(a) an electrolyte in solution 

(b) an non-electrolyte in dilute solution 

(c) a volatile solute 

(d) an electrolyte in concentrated solution. 


The molecular velocities of two gases at same 
temperature аге и, and u,. Their masses аге m, and 
m, respectively, which of the following expression 
is correct ? 

(а) и? G it, 
(с) ти, = ma, 


(b) ти = туи, 

(d) mu? = muy 

1.12 x 107 cc of О, at S.T.P. contains molecules 
equal to 


(a) 3.10 x 10? (b) 3.01 x 107° 
(c) 3.01 x 10% (d) 3.01 x 10? 


The unit cell belongs to which of the following type 
(a) Primitive cubic (b) End centred cubic 
(c) Body centred cubic (d) Face centred cubic 


The site occupied by the anion А- in the crystal lattice 
is 

(a) triangular hole 
(c) tetrahedral hole 


(b) cubical hole 
(d) octahedral hole 


The value of AH for the process І + e, >I 


is 
SO! bec” dol Ur (dy SUE 


Enthalpy of neutralisation of acetic acid with KOH 
will be numerically 
(а) =57.1kJ 
(с) «57.1kJ 


(b) > 57.1 kJ 
(d) unpredictable. 
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78. In which of the following process entropy increases? 
І Rusting of iron 
П. Vaporisation of camphor 
Ш. Crystallisation of sugar from syrup 
IV. Atomisation of dihydrogen. 
(a) LII (b) IL III 
(с) LIV (d) Only IV 


79. The heat evolved during the combustion of 46 g 
ethanol in a bomb calorimeter was determined to be 
670.48 kcal mol" at 25°C. The value of AE of the 
reaction at the same temperature is 
(a) — 335.24 kcal (b) — 669.28 kcal 
(c) — 670.48 kcal (d) — 280.26 x 10* kcal 


80. The values of E?,,, ». = — 0.76 V and that of 
E? 2+, = — 0.41 V. The E’ of the cell with net cell 
reaction 
Zn + Fe? — Zn? + Fe is 
(а) -0.35 V (b) —1.17 V 
(с) -1.17 V (d) 40.35 V 


81. In the diagram given below the value of X is 


2.30.15 V +0.50 V 
Cu ^ ——— Cut ——— Cu 


ae =X utad 


(a) 0.325 V (b) 0.65 V 
(c) -0.35 V (d) -0.65 V 


82. The molar ionic conductance at infinite dilution of 
Ag* is 61.92 x 10* S mol! m? at 25°C. The ionic 


mobility of Ag* will be 
(a) 6.4 x 10? (b) 6.192 
(c) 6.192 x 10* (d) 3.2 x 10^ 


83. For the cell reaction to be spontaneous 


(a) Ea 20 (b) Е a <0 
(с) AG>0 (d) АС=0 
84. Which statement about Na,S О, is correct ? 


2:476 


(a) O.N. of all atoms is 2.5 

(b) Two S atoms have O.N. +2 while other two have 
O.N. +3 

Three S atoms have O.N. +3 while the fourth S 
atoms has O.N. +4 

Two S atoms have O.N. +5 while, the other two 
S atoms have O.N.=0 


(c) 
(d) 


85. In the following half reaction, Cor — 2CO, + xe 
the value of x is 
(a) 1 (b 2 

86. In the reaction, 
2H,0, + 2CIO, + 20H” > 2CI- +50, +6H,0, 
the substance oxidised is 
(a) H,O, 


(с) 3 (d) 4 


(b) CIO, 


(с) OH- 


One mole of N.H. loses 10 moles of electrons to 
form a new compound Y. Assuming that all nitrogen 
appears in the new compound, the oxidation state of 
nitrogen in the new compound will be 
(a) +3 (b) +5 (c) -1 


xL, + ySO, + zH,0 > aSO? e bU + cH*. 
values of z, b, c are respectively 
(а) 1,1,2 (b) 242,4 (с) 1,2,4 (d) 2,4,2 


(d) unpredictable. 


(d) – 3. 
Тһе 


Migration of colloidal particles under the effect of 
an electric field is known as 

(a) electro-osmosis (b) electro-phoresis 

(c) electro-dialysis (d) dialysis. 


Which of the following statement is true for physical 

adsorption ? 

(a) It is also known as Langmuir adsorption 

(b) Heat of adsorption is about 100 kJ mol? 

(c) Extent of adsorption increases with increase in 
temperature 

(d) It is not specific. 


The Rubin number which was proposed by Ostwald 
as an alternative to the Gold number in order to 
measure the protective efficiency of a lyophilic 
colloid may be defined as the 

(a) mass in milligrams of a colloid per 100 c.c. of 
solution which just prevents the colour change 
of standard sol of dye Congo-Rubin from red to 
violet when 0.16 р eq. KCI is added to it. 

mass in grams of a colloid per 100 c.c. of 
solution which just prevents the colour change 
of standard sol of dye Congo-Rubin from red to 
violet when 0.1 M KCl is added to it. 

mass in grams of a colloid per 100 c.c. of 
solution which just prevents the colour change 
of standard sol of dye Congo-Rubin from red to 
violet when 0.2 M KCl is added to it. 

mass in grams of a colloid per 100 c.c. of 
solution which just prevents the colour change 
of standard sol of dye Congo-Rubin from red to 
violet when 1 M КСІ is added to it. 


(b) 


(c) 


(d) 


Which one of the following will have the highest 
coagulating power for a ferric hydroxide sol ? 


(a) NaCl (b) BaCl, 
(с) Қ.С, (d) K[Fe(CN),] 

93. Radium has atomic weight 226 and a half-life of 
1600 years. The number of disintegrations produced 
per second from 1 g are 3.7 x 107? 
(a) 4.8 x 10!° (b) 9.2 x 106 
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(c) 4.8 x 1019 (d) zero 


The activity of a radioactive nuclide (X!9?) is 
6.023 curie. If its disintegration constant is 
3.7 x 10* sec", the mass of X is 


(а) 10°; (b) 10%g (с) 10%g (d) 10g 
95. The decay constant of a radioactive sample is A. The 
half-life and mean life of the sample are respectively. 

() 2ш o 32,1 

XA А А А 

© Aina D wii 


Which of the following pairs of ions when mixed in 
dilute solutions may give precipitate ? 


(а) Na*,SO; (b NHj;,.CO^ 
(c) Na*,S? (d) Fe*,PO} 





An aqueous solution of 6.3 g oxalic acid dehydrate 
is made up to 250 ml. The volume of 0.1N NaOH 
required to completely neutralize 10 ml of this 
solution is 

(a) 40mi (b) 20ml 


The ligand shown here is 


О 


(c) lOml (d) 4ml 


(b) 1,10-phenanthroline 
(d) 2,2-dipyridyl. 


(a) tridentate 
(c) 1,10 phenanthrine 


Which of the following complex will give white 
precipitate with barium chloride solution ? 

(a) [Cr(NH),CI]SO, (b) [Cr(NB,)SO,]CI 

(с) [CO(NH,),JBr, (d) None of these 


Three arrangements have been shown for the 
complex cation bis-(ethylenediamine)dinitro cobalt 
(II). Which of the following is incorrect ? 


NO, 95:9 14 
ge. e EE ~~ L2 
= de Da Ne | we 

NO, 
N lI 
i¢ AM а 
NO1NO, I 


(a) land III are geometrical isomers 
(b) II and III are geometrical isomers 
(c) I and II are geometrical isomers 
(d) II and III are optical isomers 


Which of the following is a true sequence? 

(a) observation, hypothesis, experiment, theory 
(b) observation, hypothesis, theory, experiment 
(c) theory, hypothesis, observation, experiment 
(d) experiment, hypothesis, theory, observation. 


Who coined the term taxonomy ? 
(a) Waksman (b) A.P. decandole 
(c) Leuwenhoek (d) Louis Pasteur 


Kalpvriksha is the name of 
(a) banyan tree (b) peepal tree 
(c) coconut tree (d) palm tree 


In the book Historia Naturalis about 1000 medicinal 
plants were described which was written by 

(a) Pliny (b) Linnaeus 

(c) Caesalpino (d) Tippo 

The term phylum in taxonomy was given by 

(a) C. Linnaeus (b) G.L. Cuvier 

(c) John Ray (d) E.H. Haeckel 


Taxon is 

(a) species 

(b) unit of classification 

(c) highest rank in classification 

(d) group of closely related families 


Viroids have 

(a) single stranded RNA not enclosed by protein coat 
(b) single stranded DNA not enclosed by protein coat 
(c) double stranded DNA enclosed by protein coat 
(d) double stranded RNA enclosed by protein coat 


Yersinia pestis is causative agent of 
(a) syphilis (b) leprosy 
(c) whooping cough (d) plague 
109 In plant, Citrus canker is caused by 
(a) virus (b) algae 
(c) fungus (d) bacterium 
110.Agar-agar which is commonly used in 
microbiological studies and culture media is obtained 
from 
(a) Gelidium 
(c) Polysiphonia 


(b) Laminaria 

(d) Batrachospermum 

Dinoflagellates are considered connecting link 

between Monera and Protista because 

(a) they spin while they move 

(b) they have flagella in grooves 

(c) they show bioluminescence 

(d) they have condensed chromosomes lacking 
histone proteins. 


Red rust of tea is caused by 
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thes 
(a) Puccinia 
(c) both (a) and (b) 
Pteridophytes differ from bryophytes in having 
(a) vascular tissues (b) archegonia 
(c) motile antherozoids 
(d) alternation of generation 


(b) Cephaleuros 
(d) none of these 


114. If the number of chromosome in nucellus is 48 then 
what will be the number of chromosome in 
endosperm of Ephedra ? 


(a) 48 (b) 72 (c) 24 (d) 96 

In active non-osmotic absorption of water the OP of 
the cell sap of root hairs is .......... than/to OP of the 
soil water 

(a) higher (b) lower 

(c) both (a) and (b) (d) equal 


116. The role which can be assigned to plasma membrane 
is 
(a) 
(b) 
(с) 


it gives passage to water 

it gives passage to solutes and water 

it gives passage to water and solutes only into 
the cell 


(d) ithelps in movement of cell contents out of the cell. 
117. The osmotic potential is denoted by 
(a) T, (D AT — (c) T, (4) P, 


118. Loss of water from the tips of leaves is called 
(a) guttation (b) transpiration 
(c) respiration (d) bleeding 

119. Rate of transpiration can be measured by 
(a) Ganong's potometer (b) porometer 
(c) auxanometer (d) respirometer 


120. The element which is not of much importance to 
plants is 
(a) Ca (b) Zn (c) Cu (d) Na. 
Nonsymbiotic anaerobic nitrogen fixation bacteria 
is 
(a) Azotobacter (b) Frankia 
(c) Clostridium (d) Azolla 


122.10 one of the following plant types both PEP 
carboxylase and RuBP carboxylase are present in the 
cell chloroplast 


(a) CAM (b) C, 

(c) C, (d) CAM and C, 
123.Rubisco protein comprise ....... % of total chloro 

plast 

(a) 4 (b) 40 (c) 16 (d) 20 


124.Who of the following proposed photoperiodism ? 
(a) Garner and Allard (b) Darwin 
(c) Lysenko (d) Amon 


contd. on page no. 86 
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125. Which of the following is incorrect statement? 
(a) C,plants also show C, cycle 
(b) C, plants respire in presence of light 
(c) C, plants also exhibit Calvin cycle 
(d) C, plants lack Hatch Slack pathway 


126. At which step CO, joins photosynthesis? 
(a) first step of light reaction 
(b) last phase of light reaction 
(c) first step of photophosphorylation 
(d) dark phase or the first step of Calvin cycle. 


Which of the following provides energy to ETS by 
absorption of sunlight ? 
(a) chlorophyll 
(c) ATP 

128.In sugarcane plant CO, is fixed in malic acid, in 
which the enzyme that fixes CO, is 
(a) ribulose biphosphate carboxylase 
(b) phosphenol pyruvic acid carboxylase 
(c) ribose phosphate kinase 
(d) fructose phosphatase 


(b) mitochondria 
(d) water 


Electron acceptor in PS II is 

(a) FRS (b) PQ (c) cytb (d) Fe 
130. Succulent plants have respiratory quotient less than 

one because of 

(a) complete oxidation (b) complete reduction 

(c) incomplete oxidation (d) incomplete reduction 


Vinegar is synthesized from alcohol by 

(a) Mycobacterium aceti (b) Acetobacter aceti 

(c) Lactobacillus (d) both (a) and (b) 
132. Which of the following cells do not respire? 

(a) cortical cells (b) epidermal cells 

(c) RBC (d) xylem cells 


133. The respiratory enzymes in the aerobic bacteria are 
located mainly in 
(a) liposomes 
(c) chondrioids 


(b) mitochondria 

(d) polysomes 
How many ATP molecules are formed in ETS from 
the reduced nicotinamide adenine dinucleotide 
generated in one cycle of Krebs cycles ? 
(a) 3 (b) 6 (c) 9 (d) 12 
Pyruvic acid enters TCA in the form of 
(a) OAA (b) malic acid 
(c) Acetyl CoA (d) citric acid 

136. Acetyl CoA is synthesized in 
(a) cytosol 


„ mcm 
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(b) inner membrane of mitochondria 
(c) matrix of mitochondria 
(d) F, particles of mitochondria 


137.Female gametophyte of angiospermic plants is 


represented by 
(a) oospore (b) embryosac 
(c) carpel (d) pollen grain 


138.Pollen grains are not green but yellow because 
(a) plastids are absent 
(b) plastid chloroplast changes to chromoplast 
(c) they degenerates at the time when pollen grains 
shed 
(d) for attraction of vectors. 


139.Pollen grains are able to withstand extremes of 
temperature and dessication because their exine is 
composed of 
(a) cutin 
(c) sporopollenin 


(b) suberin 
(d) callose 
140.In Casuarina fertilization occurs by 
(a) chalazogamy (b) mesogamy 
(c) porogamy (d) apogamy 
|. The formation of embryo sac is called 
(a) megasporogenesis (b) megagametogenesis 
(c) microgametogenesis (d) none of these 
142.А type of pollination in which flower remains closed 
is 
(a) dicliny 
(c) dichogamous 


(b) chasmogamous 
(d) none of these 


143.Pollination in Vallisneria is by 
(a) wind (b) animals 
(c) insects (d) water 
144.Growth is maximum in the zone of 
(a) cell division (b) cell elongation 
(c) cell maturation (d) all of these. 


145.Skoog and Miller are associated with discovery of 

(a) cytokinin (b) auxin 

(c) gibberellin (d) both (a) and (c) 
146.The growth hormones responsible for bolting, are 

(a) auxins (0) kinetins 

(c) coumarins (d) gibberellins 
147.Most of the plant's auxin occurs in 

(a) leaves (b) lateral buds 

(c) shoot apex (d) root apical meristem 


148. The level of which of the following increases during 
water stress? 


(a) ethylene (b) abscisic acid 


(c) indole-3-acetic acid (9) gibberellins 
Genetical dwarfness can be overcome by treating it 
with 





(a) auxins 
(c) anti-gibberellins 


(b) gibberellins 
(d) ethylene. 
150.Abscisic acid causes 
(a) faster leaf fall 
(c) dormancy of tuber 


(b) retardation of growth 
(d) all of these 


151. Recently discovered vitamin having anticancer 
properties is 
(a) Vitamin B. (b) Vitamin B, 
(c) Vitamin B, (d) Vitamin Q 
152.Tonics made out of the liver are very effective in 
curing haemopoietic disorder because 
(a) they contain proteins 
(b) they contain RBCs 
(c) they contain bile juice 
(d) they contain vitamin В,, 
153.Find the odd one 
(a) Vitamin K, prothrombin 
(b) Zinc, Carbonic anhydrase 
(c) Vitamin B,, Paralysis 
(d) Sulphur, Phosphatase 
154.Black tongue disease is associated with the 
deficiency of 
(a) Menadione (b) Niacin 
(c) Retinol (d) Calciferol 
Clara cells in the respiratory system are present with 
(a) Trachea, release mucus 
(b) Trachea, release lecithin 
(c) Respiratory bronchioles, release mucus 
(d) Respiratory bronchioles, release lecithin 


If thorax is injured and pleura damaged, the air enters 
the pleural cavity and the lungs are collapse. This 
condition is known as 
(a) Hyponea 
(c) Dyspnoea 
157. Which of the following gases makes the most stable 
combination with the haemoglobin of red blood | 
cells? 
(a) CO, (6) CO (c) O, (d) N, 
Which of the following statements is incorrect ? 
(a) Atelectasis occurs due to the lack of surfactant | 
and Pneumothorax. 
There are 3 lobes in right lung and 2 lobes in 
the left lung of man. 
Asphyxia occurs due to acute hypercapnia. 
In methaemoglobin, ferric ions are converted 
into ferrous. 





(b) Orthopnoea 
(d) Pneumothorax 


(b) 





(c) 
(d) 


Which one of the following is a matching pair ? 

(a) Dubb-opening of the semilunar valves at the 
beginning of ventricular diastole. 

(b) Lubb-closure of atrioventricular valves 


immediately after the start of ventricular systole. 
(c) Purkinje fibres-initiation of heart beat. 
(d) Pulsation of radial'artery-valves in blood vessels. 


160.A portal system is one in which 
(a) a vein starts from an organ and ends up in heart 
(b) a vein starts from an organ and ends up in 
another organ 
(c) a vein starts from heart and ends up in lungs 
(d) none of these 


161.Lymph differs from blood in possessing 
(a) more proteins and less waste products 
(b) less proteins and more waste products 
(c) more proteins and more waste products 
(d) less proteins and less waste products 


162.Which of the following wave of ECG shows 
ventricular depolarization ? 
(a) P wave (b) QRS wave 
(c) T wave (d) U wave 


163. Which of the following statements is wrong ? 

(a) The counter current mechanism changes the 
isotonic glomerular filtrate into a hypertonic 
urine by increasing salt concentration around the 
nephron and collecting tubule. 

The wall of collecting tubule is permeable to 
water whereas ascending limb is impermeable 
to water. 

The urine leaving the DCT is nearly as 
concentrated as the interstitial fluid deep in the 
medulla. 

As the filtrate passes through the ascending limb, 
sodium is transported passively and chloride 
ions pass out actively into the interstitial fluid. 


(b) 


(c) 


(d) 


164.Angiotensin - П increases the blood volume by 
(a) signalling PCT to reabsorb more NaCl and water 
(b) stimulating adrenal gland to release aldosterone 
(c) by stimulating the release of ADH 
(d) all of these 


165.When the volume of body fluid falls below normal, 

ADH 

(a) decreases permeability of distal convoluted 
tubule and collecting tubule 

(b) increases permeability of distal convoluted 
tubule and collecting tubule 

(c) has nothing to do with permeability of convoluted 
tubule 

(d) none of these 


166.Vitamin excreted by urine in higher vertebrates is 
(a) A (b) D (c) K (d) C 

167 Which of the following are involved in the formation 
of the acetabulum ? 
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Gi) Ilium (и) Ischium 
(a) i & ii only 
(c) 1 & iii only 


(iii) Pubis 
(b) ii & iii only 
(d) i, it & iii 
The cells responsible for the resorption of bone | 
matrix during the growth and remodelling of the 
skeleton are called 
(a) osteoblasts (b) osteoclasts 
(c) chondroblasts (d) chondroclasts 


Bone formed by the ossification of tendon is called 
as 

(a) sesamoid 

(b) cartilage or replacing bone 

(c) isnvesting or dermal bone 

(d) none of these 


Uncinate process is the typical feature of 

(a) Verterbral column - Birds 

(b) Vertebral column - Reptiles 

(c) Ribs - Birds 

(d) Ribs - Reptiles 

Which of the following transmits impulses from one 
side of the cerebellum to the other? 

(a) Pons varolii (b) Crura cerebri 

(c) Corpora quadrigemina 





(d) Cerebellum 


Branched tree like structure present in cerebellum 
and made up of white matter is 

(a) arborial (b) areolae 

(c) arbor vitae (d) archenteron 


The CSF moves from ventricle of the brain to | 


subarachnoid space through 
(a) foramina Magendie (b) foramina Luschka 
(c) foramen of Monro (d) both (a) and (b) 


Trigeminal nerve arises from brain in the region of 

(a) pons Varolii and divides into palatine, chorda 
tympani and hyomandibular 

(b) medulla and divides into  palatine, 
hyomandibular and chorda tympani 

(c) cerebellum and divides into ophthalmic, 
maxillary and mandibular 

(d) pons Varolii and divides into ophthalmic, 
maxillary and mandibular 


Inhibition of uterine contraction ceases and the 
bleeding and cramps of menstruation begin, when 





the level of progesterone in the blood is 

(a) low (b) normal 

(c) high (d) very high 

Which of the following product PIP, diffused into 
the cytoplasm triggering the release of Ca? for 
intracellular calcium mediated processes? 





(a) IP, (b) DG 
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(c) cAMP (d) Protein kinase -A 
During mechanism of action of insulin, protein 
kinase C is activated by 

(a) РР, (b) IP, (c) DG (d) Са? 
Which of the following hormones binds with 
intracellular receptors? 
(a) Thyroid hormone 
(c) Peptide hormone 


(b) Catecholamine 
(d) All of these 


Fertilizin proteins are associated with 

(a) corona radiata of the ovum 

(b) zona pellucida of the ovum 

(c) acrosome of the sperm 

(d) tail part of the sperm 

Cells of Rauber are 

(a) trophoblast cells in contact with embryonal 

(b) cells of inner cell mass 

(c) cells present in the blastocoel 

(d) uterine epithelial cells making contact with 
blastocyst 


The mesoderm gives rise to all structures except 
(a) nervous system (b) muscular system 
(c) circulatory system (d) gonads 


If both the ovaries of a pregnant female are removed 
in the second trimester it will lead to 

(a) abortion 

(b) slow development of fetus 

(c) normal development 

(d) premature birth 


Inner surface of fallopian tubes, bronchi and 
bronchioles are lined by 

(a) squamous epithelium (b) ciliated epithelium 
(c) columnar epithelium (d) cubical epithelium 
The mast cells secrete the following substance 

(a) heparin (b) histamine 

(c) serotonin (d) all of these 
Urethra, vagina and oesophagus have a common 
inner lining of 

(a) squamous epithelium (b) ciliated epithelium 
(c) columnar epithelium 

(d) stratified squamous epithelium 


Stratum germinativum is an epithelium of the type 
(a) squamous (b) ciliated 

(c) columnar (d) cuboidal 

The horns of rhinoceros are composed of 

(a) bone (b) cartilage 

(c) chitin (d) keratin 


In mammals, the melanocytes give protection from 
(a) UV.rays 
(c) X-rays 


(b) infrared rays 
(d) visible light 





Duodenum has characteristic Brunner’s glands which 
secrete two hormones called 

(a) prolactin, parathormone 

(b) estradiol, progesterone 

(c) kinase, estrogen 

(d) secretin, cholecystokinin 


Gall bladder is stimulated by 


(a) secretin (b) cholecystokinin 
(c) enterogastrone (d) enterokinase 
„А lubricant, mucin in saliva is made up of 

(a) glycoprotein (b) polysaccharides 
(c) phospholipids (d) myosin 


Severe acute respiratory syndrome (SARS) 

(a) is caused by a variant of Pneumococcus 
pneumonae 

(b) is caused by a variant of the common cold virus 
(corona virus) 

(c) is an acute form of asthma 

(d) affects non-vegetarians much faster than the 
vegetarians. 


Which one of the following commonly forms renal 
stones in ureter and cause severe pain during 
urination ? 

(a) Oxalate salt (b) Citrate salt 

(c) Uric acid (d) Carbonate salt 


The respiratory centre in the brain is stimulated by 
(a) CO, conc. in venous blood 

(b) O, conc. in arterial blood 

(c) CO, conc. in arterial blood 

(d) O, conc. in venous blood 


Systemic heart refers to 

(a) the heart that contracts under stimulation from 
nervous system 

(b) left auricle and left ventricle in higher vertebrates 

(c) entire heart in lower vertebrates 

(d) the two ventricles together in humans. 


Haemophilia is caused by 


(a) factor V (b) factor VIII 

(c) factor III (d) none of these 
Movement of WBCs out of capillaries is called 
(a) translocation (b) phagocytosis 
(c) diapedesis (d) pinocytosis. 


RASS operated during which condition 

(a) low BP & low Blood volume 

(b) high BP & high Blood volume 

(c) both (a) and (b) (d) none of these 


Which one of the following statements is correct 
with respect to salt water balance inside the body 








oflivng organisms? 

(a) When water is not available camels do not 
produce urine but store urea in tissues. 

(b) Salmon fish excretes lot of stored salt through 
gill membrane when in fresh water. 

(c) Paramecium discharges concentrated salt 
solution by contractile vacuoles. 

(d) The body fluids of fresh water animals are 
generally hypotonic to surrounding water. 


20n.If a person dependent on maize food grain in future 
he suffers from deficiency of which vitamin? 


(a) Retinol (b) Niacin 
(c) Thiamine (b) Calciferol С 
ar BEEN CTS 5 


b 2.5 (а) 73. P(DES ДСЛС ES — (a) 
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Thought Provoking А 


| 
= a = N 
| nw ү 
jecti me > 
Te 


If V be the velocity of projection and V, the velocity 
of striking the plane when projected so that range 


up the plane is maximum, and V, the velocity of | 


striking the plane when projected so that the range 
down the plane is maximum, Prove that V — VV, V, 


A ball is thrown from a point in level with and at a 
horizontal distance R from the top of a tower of 
height H. How must the speed and angle of 
projection of the ball be related to R in order that 
the ball may just go grazing past the top edge of the 
tower? At what horizontal distance r from the foot 
of the tower does the ball hit the ground? For a given 
speed of projection, obtain an equation for finding 
the angle of projection so that r is at a minimum. 
Two persons simultaneously aim their guns at a ball 
kept on a tower. The first person releases his ‘shot’ 
with a speed of 100 ms-! at an angle 30°. The second 
person is ahead of the first by a distance of 50 m 
and releases his ‘shot’ with a speed of 80 ms !. 
(a) How must he aim his gun so that both “shots” 
hit the ball simultaneously? 
(b) What is the distance of the foot of the tower 
from the two persons and the height of the 
tower? 


A projectile is fired from the base of cone-shaped | 


hill. The projectile grazes the vertex and strikes the 
hill again at the base. If 5 be the half-angle of the 
cone, H its height, V the initial velocity of projection 
and ф the angle of projection, show that 


ф = tan"! (2 cot 8) and V 2 | 2gH 11+ tan?8]. 
\ 4 


An aeroplane flies horizontally at a height ‘h’ at a 
speed v. An anti-aircraft gun fires a shell at the plane 
when itis vertically above the gun. Find the minimum 


muzzle velocity required to hit the plane and also angle | 


with which it is projected? 

From a point on the ground at a distance ‘a’ from 
the foot of a pole, a ball is thrown, at an angle of 
45°, which just touches the top of pole and strikes 
the ground at a distance of ‘b’, on the other side of 
it. Find the height of the pole. 





By : Prof. Rajinder Singh Randhawa* 
If v be the velocity and © its inclination to the 
horizontal at any point on its path for a projectile, 
show that, itis at right angles to the former direction 
after a time v/gsina. 


The max. range along inclined plane is 
OA 


UN SRM 
Кта)" 





V‘sin 8, 
The height AB = К sin Ө, – 203 sino) 8) 
Velocity at A, is V,, then V? = V? + 2g (AB) 


y2=V2 429 (У sinb.) V^ (1 — sin,) 

= +28 2 шг "ы зр 
8 (1+ 5їпӨ,) (1+ sin0,) 

Similarly, maximum range down the plane is given by 


=? = 0) 


ee SO аа V^sinQ, \ 
d=sind,) » VV 28) Fane.) 
g 2 g (1 — sin0,) 
,4 V! (1 sin6,) 
y2- 2 7 
= V, -sino .. (di) 


Multiply (i) and (ii), we get V? V? 2 y! =V = „ЈИ У, 


| 2: 
R=V,t, R= V cos 0 27 #10 _У sin20 


8 8 


| Rg- V?sin20 (i) 


Also, Н = (V sin 8) у! 
Solve quadratic equation 
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ус те) 
Е. УзїпӨ + JV sin^0- 2gH (Taking +ve sign) 
8 
« re У соке = L5? | [y sint0- 28H -Vsine] 


... (i) 
The angle of projection 0 for which r is minimum for a 
d 

given value of V is given by 3m — 0. Using (ii), we get 
V? sin 20 соѕ0 – sin0 (V? sin 20 + 2 gH) 

—V cos 20 JVsin^0- 2gH =0 ... (iii) 
The angle of projection for which r is minimum is a 
solution of equation (iii). 

For first person's shot, 

(а) Н = (100 ѕіп30°); — (1/2) x 9.8 2 (i) 
For second person’s shot, 
Н = (80sin6)t — (1/2) x 9.8 ? 
From (i) and (ii), we get 
(100 sin30°) = 80 sind = 6 = 38° 68’ 
(b) The distances of the foot of the tower from the two 


persons are d, = 100 cos30° x t ...(iii) 
and d, = 80 cos (38° 68’)t 


(ii) 


. (iV) 





/ 
First person 


\ 
Second person 


100 cos30? t = 50 + 80 cos (38° 687); [From figure] 
which gives t ~ 2 sec is the time of the two “shots” hit 
the ball after firing. Using т, we find d, ~ 180 m and 
d, ~ 130 m [From (iii) and (iv)] 

Now, height of the tower is from (1) 
H =100x $ x 2 — 4.9 (2)? 2100 — 19.6 -= 80.4 m 
2 Y 
Range = 2H tand= w эш 2%, 


r 5 
Яй Ha’ sin” o 


2g ff CNN 
р/у. | 
Dividing, 2 tan $ = 239020 \ / eg \ HILL 
sin $ К ET ; WM 


= tan ĝ = 2 cot ò 


tan ф = 2 cot 6 e 
=> b = (апт! (2 cot 8) 


PHYSICS FOR YOU | JANUARY ‘08 








Now, 
y= 2gH — 2 gH 

. Tom AE eed 

sin’ > 2cot8/y1+ 4cot^ 8 





2 T xz) 
=2gH (Le tn б! 


л у= pent + Lian?) 


We have ; vt = (u cos 0) 
=> v=ucosa 


Aeroplane 


h = (u sin о)? – 1? 





= 7 gt? —(usina)t+h=0 
Since “Р is real 


u’ sin? a> Axlgh 





= г|1-5 22gh — u>. 42h 
ч 5 
Ua, уу + 2gh 
! 7 
Now, соз=——=—===== = 5 8 
U min xvi +2gh \ 
a= tan” (/2.gh/v) 
Let H be the height of 
the pole, using 


equation of trajectory, 


T IX 
y= хіапо11 2) 





А H = anii a | 
a+b 


_ ар ` 
a+b 


Since the horizontal 
component of velocity 
remains constant 
throughout the motion, 
-. v cos Q = v’ cos В 
But a f = 90° 


._  veosa 

" 7 cos(90° - о) 
As along vertical direction. initial velocity = v sina : 
Final velocity = — v’ sin B 
= — у cot a sin (90? — a) = — v cos? Ө/ѕіп Ө 





=> у‘ = усо (i) 


Now, using v = и + at fa=-g 
TE 
[f= 
70080 _ по t 
sinO 8 
2 
` cos’ Ө v 
=> gt=y|sinĝ+ = —; 
8 | a sin8 


= V 


~ gsinO 
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Canadian Physiis оаа Problems 


A uniform meter stick is supported on a fulcrum at 
the 25 cm mark. A 0.50 kg object is hung from the 0 cm 
end of the meter stick, and the stick is balanced 
horizontally. The mass of the meter stick is 
(a) 0.25 kg (b) 0.50 kg 
(c) 0.75 kg (d) 1.0 kg. 


2. The radius of the Earth is 6.37 x 106 m 
Approximately, how fast is a person on the Equator 
moving due to the Earth rotation? 

(a) 5 m/s (b) 50 m/s 

(c) 500 m/s (d) 5000 m/s 


In a certain region of space, the electric field is zero. 
From this we can conclude that the electric potential in 
this region is 
(a) constant 
(c) positive 


(b) zero 


(d) negative. 

4. A bullet of mass m and 

speed v hits a pendulum 

bob of mass M at time 1,, zs 

and passes completely с Н 

through the bob. The bullet i a 

emerges at time t, witha — & c 

speed of v/2. The pendulum 

bob is suspended by a stiff rod of length / and negligible 

mass. After the collision, the bob can barely swing 

through a complete vertical circle. At time гз, the bob 

reaches the highest position. What quantities are 

conserved in this process? 

(a) Total kinetic energy of the bob and the bullet during 
the time interval At = t; — t. 

(b) Total momentum of the bob and the bullet during 
the time interval At = h — t. 

(c) Total mechanical energy of the bob and the bullet 
during the time interval t, — t}. 

(d) Momentum of the bob after t». 
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| light bulbs. When we 


| (b) increases 





The diagram shows a 
circuit with four identical 







remove bulb A from the 
circuit, the light intensity 
of bulb C 

(a) remains the same 

(c) decreases 
(d) becomes zero. 


The amplitude of an electromagnetic wave in vacuum 
is doubled with no other changes made to the wave. As a 
result of this doubling of the amplitude, which of the 
following statements is correct? 
(a) The speed of propagation of the wave changes. 
(b) The frequency of the wave changes. 
(c) All of the above are true. 
(d) None of the above is true. 


Two objects are initially at rest on a frictionless 
surface. Object 1 has a greater mass than object 2. The 
same constant force starts to act on each object. The force 
is removed from each object after it accelerates over a 
distance d. After the force is removed from both objects, 
which statement is correct (p is a momentum, K is a 
kinetic energy)? 
(а) ру<р› 

(с) K,> К 


(b) pi > P2 
(d) K,< K. 


A dart is loaded into a spring-loaded toy dart gun by 
pushing the spring in by a distance d. For the next loading, 
the spring is compressed a distance 2d. How much faster 
does the second dart leave the gun compared to the first? 
(a) Four times as fast (b) Two times as fast 
(c) The same (d) Half as fast 


One of two parallel metallic plates is uniformly 
charged with charge +q, and the other one is charged 
with charge —q. In this case, the electric field between 
them is E. When the negatively charged plate is 
discharged and then recharged with a positive charge 4q, 
the electric field between the plates becomes 





(a) 0 (b) 15E 
(с) 25E 


A uniform magnetic 
field B is directed out of 
the page. A metallic wire 
has the shape of a square 
frame and is placed in the 
field as shown. The shape 
of the wire is steadily 
transformed into a circle in the same plane, the current 
in the frame 
(a) is directed clockwise 
(b) does not appear 
(c) is directed counterclockwise 





(d) none of these. 


11. The drawing shows 
velocity (v) versus time (7) 
graphs for two cyclists 
moving along the same 
straight segment of a 
highway from the same 
point. The second cyclist 
starts moving at t = 3.0 min. 
At what time do the two cyclists meet? 
(a) 4.0 min (b) 6.0 min 
(c) 12 min (d) 8.0 min. 





0 3.0 40 t, min 


Two solid spheres manufactured of the same material 
freely fall down in the air. One sphere has a diameter 
twice as large as the other. The force due to air resistance 
is proportional to the cross-sectional area of a moving 
object and is a quadratic function of the speed of an 
object. In some time after the beginning of motion in the 
presence of air resistance, the velocity of each sphere 
becomes constant. It is called the terminal velocity. The 
ratio of terminal velocities of the spheres Vyig/Vemay is 


(a) 2 © 2 
1 ee 
© @ С 


Astronauts are weightless in orbit because 

(a) they are beyond the pull of gravity 

(b) they travel in the accelerated frame of reference 
where centrifugal force is equal to centripetal force, 
and the net force on an astronaut is zero 

(c) they are in free fall together with their spacecraft 

(d) of another cause. 





| with heat at the same rate 





. Two solid objects of 
the same mass are supplied 


AQ / At. The temperature 
of the first object with 
latent heat L, and specific 
heat capacity c, changes 
according to graph 1 on the diagram. The temperature of 
the second object with latent heat L, and specific heat 
capacity c; changes according to graph 2 on the diagram. 
Based on what is shown on the graph, the latent heats L, 
апа L,, and the specific heat capacities c, and c; in solid 
state obey which of the following relationships? 

(a) Ly > Ly; с «e (b) Ly <Ly3 с «6 

(с) > L0 > сз (d Li < Ly, с> с». 


15. A light ray strikes а 
prism as shown in the 
drawing. The angles of the 
prism are 90°, 45°, and 
45°. The critical angle of 
the prism material is 49°. 
What rays are the possible 
continuations of the incident ray? 

(a) The ray 1 only (b) The ray 2 only 

(c) The ray 3 only (d) Both rays 2 and 3. 





ncijent|ras 





16. You stand on a platform at a train station and listen 

to a train horn as the train approaches the station at a 

constant velocity. While the train approaches, but before 

it arrives, you hear 

(a) the intensity and the frequency of the sound both 
increasing 

(b) the intensity and the frequency of the sound both 
decreasing 

(с) the intensity increasing and the frequency decreasing 

(d) the intensity decreasing and the frequency increasing. 


17. A linear conductor with current J, is placed along 

the axis of a circular conductor, which carries current J. 

The magnetic force acting on each of the conductors is 

(a) zero 

(b) directly proportional to the product of currents Г, and 
L, and inversely proportional to the radius of the 
circular conductor 

(c) directly proportional to the product of currents 7, and 
L, inversely proportional to the square of the radius 
of the circular conductor 

(d) directly proportional to the product of current Д, 
current J,, and the area of a circular conductor. 


An aquarium is filled with water. The lateral wall of 
the aquarium is 40 cm long and 30 cm high. Using 
10 m/s? for the acceleration due to gravity, and 1 g/cm? 
for the density of water, the force on the lateral wall of 
the aquarium is 
(a) 36N 
(с) 180 N 


(b) 90N 
(d) 1500 N. 


A satellite is moved from one circular orbit around 
the earth, to another of lesser radius. Which of the 
following is true? 

(a) Thekinetic energy increases and the potential energy 
increases. 
The kinetic energy increases, and the potential energy 
decreases. 
(c) The kinetic energy decreases and the potential energy 
decreases. 
The kinetic energy decreases and the potential energy 
increases. 


(b) 


(d) 


A point particle carries a positive charge +q and is 
maintained at a distance h above a large conductive 
uncharged plate. The electric force of interaction between 
the charge and the plate is best described as 
(a) zero force 
(b) an attractive force proportional to g/h? 

(с) an attractive force proportional to q/h? 
(d) an attractive force proportional to g?/4/? 


21. A heavy pendulum bob is 
swinging back and forth when the 
string, supporting it, suddenly breaks. 
Ignoring the mass of the string and air 
resistance, draw the path of the 
subsequent motion of the bob if the 
string breaks when the bob is at its highest point. 





A long vertical tube with a weightless movable piston 
inside has its lower end under the water. The tube is 
motionless throughout the experiment. The cross- 
sectional area of the piston is A. The initial position of 
the piston is just over the surface of the water. Then it is 
slowly moved upwards. Sketch a graph of the force 
necessary to lift the piston during its motion as a function 
of the height of the piston. 


23. On the same graph, draw the following two 
functions: (i) kinetic energy versus speed of a particle 
according to classical mechanics and (ii) the same 
function for Einstein's relativistic theory. 
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24, An electron is moving at a constant velocity in a 
region of space with a uniform electric field of 
1.0 x 10? N/C and a uniform magnetic field of 
1.0 x 10? T. The electric field has only an x-component 
while the magnetic field has only a y-component. 
Sketch a vector diagram for the velocity of the electron, 
the magnetic field, and the electric field in the cartesian 
system of coordinates. 


A brick is on an incline whose angle of inclination 
can be changed from 0 to 90 degrees. 
Sketch a graph of the force of friction acting on the brick 
versus the angle of inclination in the given range. 


26. Sand from a 
stationary hopper falls 
onto a moving conveyor 
belt at a rate of 5.00 kg/s 
as shown in the figure. 
The conveyor belt is 
supported by frictionless 
rollers and moves at a 
constant speed of 0.75 m/s under the action of a constant 
horizontal external force ЕЁ, supplied by the motor that 
drives the belt. Find 
(1) the force of friction exerted by the belt on the sand 
(ii) the external force Fox 
(iii) the work done by F,,, in 1s 
(iv) the kinetic energy acquired by the falling sand each 
second due to the change in its horizontal motion 
(v) compare and analyse the answers to (iii) and (iv). 


27. A source of electric power with electromotive force 

E and internal resistance r, is connected to a resistor. 

(i) Find the power delivered to the resistor as a function 
of the resistance of the resistor. 

(ii) Find the power produced by the source as a function 
of the resistance of the resistor. 

(iii) Sketch graphs of these two functions. 

(iv) Treating the efficiency uf we source as a ratio of the 

power consumed to the power produced by the 

source, find the efficiency of the source of electric 

power as a function of the resistance of the resistor 

and sketch the graph of this function. 

Find the resistance of the resistor that corresponds 

to the maximum power delivered to the resistor, and 

calculate the efficiency for this resistance. 


(v) 


28. A point source of light is moving uniformly along a 
straight line, which intersects the optical axis of a 
converging lens under a small angle o at a distance 2F. 


from the lens with a focal distance F. The speed of the 
source of light is vo. 
() Draw the lens, the trajectory of the source of light, 
and the trajectory of its image produced by the lens. 
(i) Draw the vector diagram for the velocity of the 
source of light, the velocity of the image, and the 
relative velocity of the image with respect to the 
source. 
(iii) Determine the minimum relative speed of the image 
of the source of light with respect to the source. 
f € 
(b) : Condition of equilibrium for torques with 
respect to the fulcrum is: 
0.50 x 0.25 = M x 0.25 = M = 0.50 kg 


The relationship between the angular speed (0) 
and the linear speed (v) gives: 
v = GR, where R is the radius of the Earth. 
If T is a period of rotation, 0 = 27/7, and 
T = 24 x 3600 s. 
v = 2nR/T = 4.63 x 10? = 500 m/s 


Consider uniformly charged 
spherical shell. The field any 





- dV + 
where 15 zero. As £=——=0, 4 
dx 
V = constant. The 
+ 
otential is =- , a constant 
P 4ne, R 


(a). The potential is also positive (c). If Q is negative, the 
potential is also a negative (d). 

If the shell is not charged, E = 0, V=0 (b). If the question 
had been a uniformly charged sphere, the potential will 
be a constant and will be positive or negative depending 
on whether the charge is ve or negative. If “itis a certain” 
region of space, whether it is enclosed or not is also not 
known, then not only the field is zero but the potential is 
also zero unless it is mentioned that it is a charged 
enclosure. 


4. íb) (a) and (c) are wrong, because of the energy 
loss during the motion of the bullet inside the bob, (d) is 
wrong, because an object experiences the external force 
of gravity that changes momentum, (b) is the correct 
answer. 

The equivalent resistance of the part of circuit 
with the bulb B increases after the removal of the bulb A. 
This entails the reduction in current through the bulb C. 
6. (d) :(d) is correct because an amplitude, a speed of 
propagation, and a frequency of the wave are independent 
variables. 
7. (b): Object 2 has a greater acceleration because of 


SS = === 








its smaller mass. Therefore, it takes less time to travel 
the distance d. Even though the force applied to objects 
1 and 2 is the same, the change in momentum is less for 
object 2 because At is smaller. 


8. ibi:According to the law of conservation of energy, 
the potential energy of a spring transforms into the kinetic 
energy of a dart. The potential energy is proportional to 
the square of the compression, and kinetic energy is 
proportional to the square of the initial speed of the dart. 
Therefore, the speed increases the same number of times 
as the compression does. 

9, (d):At a particular point S, in between the plates, 
the field due to qt is added to q . However by the 
superposition of two Gaussian surfaces, 


EU Л. C ECT SES 
dueto dueto £p £o. 
q* q to the right to the right 
from P toS бот S to О 


Thus the field is Е=— where 
£j 


еј -4 . If instead of g^ one has 
4 
4q*, the field due to 4q = = to the i 
0 


с 
left and that due to +g =— to the right. Therefore the 


Ey 


resultant field is о Ss. = 29 or 3£ where 
Eo £o Eo 
tothe tothe 
с Іей right 


= pm - The answer should be (d) and not (b). 
0 

The reason why there is need to take one gaussian surface 

for one plate and full discussions are given in the author’s 

book, Beyond the Barriers (Extension lectures in physics) 


by Krishnan, T.V. 


10. (a) : The area of a circle is greater than the area of a 
square with the same perimeter. During the 
transformation of the shape of the frame, the magnetic 
flux through the frame is increasing. It results in the 
induction of electric current in the loop. According to 
the Lenz’s law, the current produces the magnetic field 
of the opposite direction to the external field whose flux 
is increasing. Therefore, the direction of the induced 
current is clockwise. 


11. (b) : From the slopes on the graph, we can obtain 
the ratio of accelerations of the two cyclists: a» /a; = 4. 
The distances traveled by the two cyclists must be equal 


а 90-3) а _ (= 
2 Day. Pup Gas 
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ы ы t=6min 


1—3 

12. (b: : The uniform motion with the termina! velocity 
is possible when the force of gravity of the object is equal 
to the force of the air resistance. 


a(i) 


where M is the mass of a sphere, d is its diameter, D is 
the density of the material of the sphere, v is the velocity, 
and k is the constant coefficient for both spheres. From 
the equation (i), v is proportional to 4 . 

13. (b) 


14. (b): The horizontal segment of the graph corresponds 
to the melting of the solids. Under the same condition, 
the two identical masses have different time of phase 
transition. The time of the second object is greater, 
therefore, its latent heat is also greater. 

(d) Comparing the slopes of the diagrams for the solid 
state of the two objects, we see that the same heat causes 
less change of temperature for the second object. Hence, 
the second object has the greater specific heat capacity. 


15. (d) : The angle of incidence of the initial ray on the | 


inclined side of the prism is less than the critical angle, 
therefore, the Snell’s law gives the possibility for the ray 
to be refracted in the direction of the ray 2. In addition, 
there is also a possibility of reflection along ray 3. 


The intensity of sound is increasing because 





the distance between the source and the observer is | 


decreasing. Because the source is approaching the 
Observer, the frequency increases due to Doppler effect. 


17. (a) : Each conductor is parallel to the direction of 
magnetic field lines of another conductor. If the wire with 
current is parallel to the magnetic field line, the sine of 
the angle between this two directions is zero, and the 
magnetic force on the wire is zero. 


18. (c) : The pressure P of water on the base of the 
aquarium is given by: P = DgH, where D is the density 
of water, H is the height of the wall. Pressure is a linear 
function of the height. Therefore, the average pressure is 
half of the maximum one. The force on the lateral wall 
can be found from: F = P,,HL, where L is the length of 
the wall. 
F = (1000 x 10 x 0.3)/2] x 0.3 x 0.4 = 180 N. 

19. ib) : In the circular motion around the Earth, the 
ceniripetal force on the satellite is a gravitational force. 
Therefore, v? = GM /R, where M is the mass of the Earth, 
R is the radius of the Earth and G is the universal 
gravitational constant. Therefore, the kinetic energy 
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| bob. 








increases with the decrease in the radius of the orbit. The 
gravitational potential energy is negative and decreases 
with the decrease in radius, i.e. the magnitude increases 
and it is negative. 

20. íd) : The lines of field of the point charge are 
everywhere perpendicular to the surface of the conductive 
plane. The pattern of the electric field lines over the plane 
is absolutely the same as for the system of two identical 
and oppositely charged particles separated by the distance 
2h. Therefore, we can apply the Coulomb's law to 
calculate the force. 


21. The motion will be vertically 
down under the force of gravity. 
No other forces are applied to the 


/ 


GQ. 


22. The force will increase 
linearly until the pressure 
of water under the piston 
becomes equal to the 
atmospheric pressure Pp. 
After this moment, the 
force becomes constant. 
23. c=3 x 10? m/s 





Height of water 


Lx 





(8) Classical Mechanics Pd 


(b) Relativistic Mechanics 


25. There are two segments of the graph: 
1. When the brick is 







motionless, and Ex s 
static friction exists; ji ATO , 

2. When the brick P"$[--77 = { 
moves and the force : : 
of kinetic friction : umgeos(a hy; 
acts on it. The tan (p) ES 
motion starts when 
a = tan (yu) 


(i) For the motionless brick: F; = mgsin(a) 
(ii) For the moving brick: Fy, = umgcos(o) 


26. Introducing the vertical and horizontal axes of 
coordinates, we can find the rate of change of the 
x-component of momentum for the sand. 


(i) а= 
This change occurs due to the only horizontal force on 
the sand 

An 
The force of friction: f = ar =3.75№ 
(ii) The belt is in equilibrium. It experiences the external 
force and the force of friction from the sand 


у К, Sma, +Ев-/=0; Fey = 3.75 № 
(iii) W = FArcos0 = 3.75 N (0.750 m)cos0° = 2.81 J 


(iv) „Ату? 2500 kg(0.750 m/s? 21.417 


(v) Friction between the sand and the belt converts half 
of the input work into internal energy of both objects. 


(1) The power, delivered to a resistor, is given by 


2 


Ü 


R. This function has a maximum at R = r. 





(К+)? 
Prax Er). 
(ii) The power, produced by the source is 
Е? Е? 
en AF US Sae . This function is steadily 
(R+r) (R+r) 


decreasing with increasing of the resistance R (when 
R=0, Ps=E*/r). 


Powerr 


(ш) 





28. (i) First, we must 
investigate the trajectory of 
the image of the source of 
light. The path AB of the 
source during some time 
interval is shown on the 
figure 1 as an object. Its 
image A’B’ is a trajectory of the image of the point source 
of light during the same time interval. 





Fig. 1 
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Due to the properties of the point at the double-focal distance 
from the lens, the image of the object is also at the double- 
focal distance from the lens. Therefore, the trajectory of the 
image of the source of light A'B' crosses the optical axis at 
the point P ’ at the distance 2F from the lens. The triangles 
POC and P'OC are equivalent right angle triangles, and thus, 
the trajectory of the source and the trajectory of its image 
cross the optical axis of the lens under the same angle a. 
The diagram shows the different distances AB and A'B', 
covered by the source and its image during the same time 
interval, which permits to state that the speeds of the source 
and the image are different. 
(ii) Whilethe object moves 
at the velocity vo, its image 
moves at the velocity u 
along the line 
that crosses the optical axis 
at distance 2F from the 
vertex of lens and has the 
same magnitude of 
inclination с to the axis (figure 2). 

(iii) The vector diagram of the velocities »0 
(figure 3) shows that the relative velocity v 
has its minimum magnitude when it is 
perpendicular to the vector u. From 
this condition, we can obtain the result: 
| v lh, = vosin2a. The obtained condition, however, does 
not permit us to conclude about the instantaneous position 
nf the source of light at the moment that matches the result 
for the relative velocities, as itis clear from figure. The only 
general conclusion is that the position of the source must 
guaranty the following relationship between the 
instantaneous speed of the source and the instantaneous 
speed of its image: Vo « u e 





Fig.2 





Fig.3 
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Only One Correct Option (Q. No. 1 to 5) 


In gravity-free space, a man of mass M standing at a 
height h above the floor throws a ball of mass m straight 
down with a speed и relative to ground. When the ball 
reaches the floor, the distance of the man above the floor 
will be 


т т 


(с) 2h 
(d) a function of m, M, h and u. 


A solid cylinder of mass M and radius R is pulled by 
a horizontal force F acting at its topmost point on a 
horizontal surface where the coefficient of friction is p. 
The maximum acceleration of the cylinder so that it may 
not start slipping is 


2 3 
(c) [HS (d) SHE 


(a) 2ug (Ы) 4ug 
Long glass capillary tube is dipped in water. It 1s 
known that water wets glass. The water level rises by h 
in the tube. The tube is now pushed down so that only a 
length h/2 is outside the water surface. The angle of 
contact of the water surface at the upper end of the tube 
will be 
(a) 30? (b) 45? 


(c) tan! 2 (d) 60° 


1 g of water on evaporation at atmospheric pressure 
forms 1671 cm? of steam. Heat of vaporization at this 
pressure is 540 cal g^! The increase in internal energy is 
(a) 250 cal (b) 500 cal 
(c) 1000 cal (d) 1500 cal. 


Two capacitors of 4 pF and 6 pF are connected in 
series and a potential difference of 5 kV is applied across 
the combination .They are then disconnected and 
reconnected in parallel. The potential difference across 
the combination is 
(a) 1100 V (b) 2250 V 


(c) 2400 V (d) 1200V 


Practice Paper 


IIT-JEE 200: 





Se 


4 
A 





See acm 
+ 


Е а Е > 


Опе or More Correct Option (О. No. 6 to 10) 


6. A parallel plate capacitor is connected to a battery. 
The quantities charge, voltage, electric field and energy 
associated with this capacitor are given by Qo, Vo, Ey and 
U, respectively. A dielectric is now introduced between 
plates with battery still in connection. The corresponding 
quantities now are given by Q, V, E and U. These 
quantities are related to the previous ones as 

(a) О> 0, (D V>V (c) E»E, (d) U»U, 


7. For the situation shown in the figure, the correct 

statement(s) is/are, 

(a) The net force on the long straight wire 48 is 
F- MU c 

2n La arb! 

(b) The loop will be compressed. 

(c) No torque will be 
acting on the loop as 
the forces are in same 
plane 

(d) No torque will be 
acting on the loop as 
the forces experienced 
by the wires of the loop are normal to the plane of 
the loop. 


8. The conductor 
ABCDE has the shape 
shown in the figure. It lies 
in the yz- plane, with A and 
E on the y-axis. When it 
moves with a velocity v in 
a magnetic field B, an emf e 
is induced between A and E. 
(a) e = 0, if v is in the y-direction and B is in the 
x-direction 
(b) e = 2Bav, if v is in the y-direction and B is in the 
x-direction 
(с) e = Bò, if v is in the z-direction and B is in the 
x-direction. 








and is repulsive. 








13 
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(d) e = BAy, if v is in the x-direction and B is in the 
z-direction. 

A body of mass m is suspended from two light 
springs of force constants k, and k, (« k,) separately. The 
periods of vertical oscillations аге T, and Т, respectively. 
Now the same body is suspended from the same two 
springs which are first connected in series and then in 
parallel. The period of vertical oscillations are T, and T, 
respectively 
(a) T, «Ti « T « T, fork >k 

1 TT 


(b) T gx p? (c) T? - T. +T? 


@ JT, = Ji * Jr 

Two different isolated coils have self-inductances, 
L, = 8 mH and L, = 2 mH. The current in one coil is 
increased at a constant rate. The current in the second 
coil is also increased at the same constant rate. At a certain 
instant of time, the power given to the two coils is the 
same. At that time the current, the induced voltage and 
the energy stored in the first coil are ij, V4 and U; 
respectively. Corresponding values for the second coil at 
the same instant are i}, V, and 0; respectively. Then, 


Match the Columns (Q. No. 61 to 64) 


Statements in the Column - I (a, b, c, d) have to be 
matched with one or more statements in the Column - II 
(P, Q.R, S, T, О) 

A parallel plate air capacitor has capacity 
5x 1072F. Plate A has a positive charge q, = 1071? coulomb 
and plate B has charge q, = +2 x 10-19 coulomb. 


f'olumn-I Column-Il 
(a) charge on inner (P) -50x 10-2 Е 
surface of plate A 
(b) charge on outer (О) 150 x 10? F 


surface of B is 

Now a cell of emf (R) 100 x 1072 F 
10 V is connected 

so that plate A is +ve (S) 50 х 10-2 F 
and plate B че 


(c) charge on inner (T) -100 x 1072 F 
surface of plate A is 
(d) charge on outer (О) -150 x 10-2 Е 


surface of plate B is 


12. Figure shows an LCR circuit consisting of a series 
combination of a resistance R, an inductance L and a 
capacitance C driven by a current source. 
i(t) = Imax sin ot. Match the graphs given in Column-II to 
element given in Column-I. 











Column-I (Element) Column-II (Graph of 
voltage and current 


(a) Inductor (Р) |: 


| 
| 
13. А heavy spool of mass r>RI2 

M and radii r, R of axel and Fr > fR for all the case 


spool respectively is 

resting on rough surface so Gr) 
that only rolling may be v 
possible. An ideal string is 


wound on the axel. The 
string is continuously pulled by applying force F. There 
is no slipping between string and axel. f stands for force 
of friction. Match the following. (J = MR?) 

Column-I Column-I: 


(a) Force F = Mg (Р) «= 
is applied to Р 
string towards 
left and spool 
rolls without slipping. 





(b) Capacitor (Q) 
(c) Resistor (R) 


(d) Plot of voltage across (S) 
capacitor and inductor 


(b) Force F = Mg is F (О) &= 


applied vertically ( c 
upwards. 
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(r — Rsin8) 
(c) Force F= 2Mg (К) &= Ex = 
: F 
applied at angle 
Ə with vertical ( Qi 


so that line of ——— 
force passes through 
point of contact 

(d) Force F= Mg 
applied at an 
angle Ө < ө, 


—#€ (S) o=0sa,,=0 


(cV Tazo, an =0 
GV 


(О) 2 #0, a4, #0 
. А thin equiconvex lens (и = 1.5) has focal length 50 
cm when placed in air. In column-I are given lens and 
surrounding medium. In column-II are given 
corresponding focal lengths. 
Focal length 





(a) (P) 600 cm 

(b) (Q) 100 cm 
(c) ; (R) 75 cm 

(d) - (S) 143 cm 

| (T) 237 cm 

(U) 200 cm 


Comprehension Type (Q. No. 15 to 19) 


Passage-I 

When 2500 kg car driven at 72 km/hr on level road is put 
in neutral gear (engine force is cut off) the velocity 
decreases in the following way v = 20/(1 + 1/20). 


The power required to drive this car at 36 km/hr is 


(a) 2.5 kW (b) 3.0 kW 
(c) 6.25 kW 2i (d) 9 kW 
The resistive force at speed of 72 km/hr was 
(а) 2500 N (b) 3000 N 
(c) 4000 N (d) 5000 N 
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Passage-II 

A homogenous field of 
magnetic induction B is 
perpendicular to a track of 
breadth / which is inclined 
at an angle a to the 
horizontal. A frictionless 
conducting rod of mass m 
slides the two rails of the track as shown in the figure. 





17. When switch 5 connects capacitor C in circuit 
acceleration of rod after some time is 

(a) zero 

mg sin Q 

+ ВРС 

mg a a 

m-BI?C 
(d) increasing continuously 


(b) constant and equal ят 


(с) constant and equal to 


18. When switch S connects resistor R in circuit maximum 
velocity of rod is 


(a) м aoe a (b) а 1 а 
(с) 3Mg en a (d) Mg s Qa 
2B'i B 


19. When switch S connects an inductor L, the rod 
(a) reaches terminal velocity 

(b) has constant acceleration 

(c) has increasing acceleration 

(d) oscillates simple harmonically 


Assertion & Reason (Q. No. 20 to 21) 


Instructions : Each question contains statement-1 

(assertion) and statement-2 (reason). Of these statements, 

mark correct choice if 

(a) statements-1 and 2 are true and statement-2 is a 
correct explanation for statement-1 

(b) statements-1 and 2 are true and statement-2 is not 
a correct explanation for statement-1 

(c) statement-1 is true, statement-2 is false 

(d) both statement-1 and statement-2 are false. 

20. A man is moving with 

constant speed in A cart. A 

vertical coil of conducting 57 B 

wire with galvanometer is C) 

in a cart. The plane of coil 

is parallel to velocity (see 

figure). Uniform magnetic 

field B is as shown in the figure 

Statement-1: When he crossed uniform magnetic field 

galvanometer shows deflection. 


хххх 
хххх 
хххх 


Statement-2: He states that current is produced because 
Lorentz force acts on free electrons. 


21. Disc rests on rough 
horizontal surface. A 
particle of mass m strikes 
the disc tangentially at 
topmost point (see figure) 
Statement-1: Angular 
momentum of system 
about point of contact is not conserved. 

Statement-2: External torque due to friction acts on disc 
during collision. 


>y 


Subjective Questions (Q. No. 22 to 25) 






22. A two-slit Young’s 
experiment is illustrated in 
the figure A = 5000 A. 
When a thin film of a 
transparent material is put 
behind one of the slits, the 
zero order fringe moves to 


п=12 
Central 
fringe 


£ TAER S i М 1 


Only One Correct Option (Q. No. 26 to 30) 


The average energy of oscillator with frequency 
10'4 Hz at 1000 К is .......... 
(Boltzmann constant = 1.38 x 1072 J К-!) 
(a) 5.55 x 10-7 J (b) 1.2x I0? J 
(с) 3.6 x 10^] (d) 4.2x 10-727] 


27. A — B, fraction of A left undecomposed after 
400 sec was 0.5 and after 964 sec, it was 0.25. The order 


(a) 2 (b) 1.5 (c) 3.5 (d) 1* order 
CH; CH, 
NE CH,COOA 
E CC T, а) Se) 
ut (Sq 
final product В is ,......... 
t ii 
OH OH OH H 
(c) both (a) and (b) (c) hme imi е 
CH; 
29. If 18e" rule is valid for Mn, Fe the value of x, y are 


LEON іп the Мп,(СО)х,  Fe4(CO)y 





the position previously occupied by the 4% order bright 
fringe .The index of refraction of the film is 
n = 1.2. (a) Calculate the thickness of the film and (b) 
shift of central fringe if 515, is 1 mm, and distance 
between slit and screen is 2 m. 


23. А simple pendulum of 
massless rod of length L 
and mass m has a spring of 
force constant k connected 
to it at a distance h below 
its point of suspension. 
Find the frequency of 
vibrations of the system for small values of amplitude. 





24. A piston divides a closed gas cylinder into two parts. 
Initially the piston is kept pressed such that one part has 
a pressure P and volume 5V and the other part has pressure 
8P and volume V; the piston is now left free. Find the 
new pressure for (a) the isothermal and 
(b) adiabatic process [y = 1.5] 

25. A body is projected vertically upwards from the 
surface of earth with a velocity sufficient to carry it to 
infinity. Calculate the time taken by it to reach height h. 


d OR pcm 
(a) 3,4 (b 10,12 (с) 5,6 (d) 4,6 
. Br 
Сз 2H a- 
C=C nl 
н ~CH CButO-K 
product has ............... isomers 
(a) none (b) 2 (с) 3 (d) 4 


One or More Correct Option (Q. No. 31 to 35) 


-CH=CH - f -CH.— 
О 
CH, -CH= CH = - CH, 
OH 
conversion possible by ......... reagents 
(a) LiAIH, (b) Zn. Hg/HCl 
(c) NaBH, (d) Al-Isopropoxide 
Re;Cl,; ~ molecule has 
(a) 6 bonds (b) dp hybridization 
(c) 8 bond (d) bond order is three 


‚ 33. Which can undergo nucleophilic substitution? 


(a) CHBr (b) C 


N 
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Se 





CH, 
(c) (d) 
NO, 


Which of these can form trans-product ? 
(a) 2-Butyne + H,-Pd/BaSO, — alkene 
H,O” 


(b) 2-Butene (cis) + C4H,CO,H — (А) 20 5 (B) diol 
С.Н; 
| o CE: 
Н Са OC 
с CH —e 
(c) H a -.H alkene 
C2H5 | 


(d) trans-2-pentene + 0504, ——» (А) = ОУ diol 
Solubility of PbCL...... 

(a) decreases in 0.1 M KCl 

(b) increases in ІМ CN- 

(c) decreases by increasing temperature 

(d) decreases by adding C;O4 - 


b eire "UTERE 
Match The Columns (Q. No. 36 to 39) 


Statements in the Column - I (a, b, c, d) have to be 
matched with one or more statements in the Column - II 
(Р, О, К, S, Т, U) 
56. Column-I 

(Conversic7-: 
(a) >C=0 > >CH, (P) H,NOH/dil. Н,80, 
(b) CO, > H,C,0, (О) Zn . Hg/HCl 
(c) CH,= CH — СНОН - CH; (К) NH4/ ОН” 

О 


Column-II (Reagents) 


(S) Na at 230°C 
(T) PCC, CH;Cl; 


|| 
CH,— CH - C -- CH, 


О Q 
«ded 


37. Column-I (Molecule) 


(U) K,Cr,0, 


Column-II (Property) 


(а) Е, (P) m Bond order is 2 
(b) С, (Q) Hydration energy 
maximum 
(c) KO, (R) Paramagnetic 
(d) NO (S) Odd electron 
molecule 
(T) oxidising property 
38. Column-! Column-II 
{Pairs of compounds) ‘Method of separation) 


(a) o, p-Nitrophenols 
(b) d(+), (+) 2-Butanol 


(P) Benzene 
(Q) Steam distillation 
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! 39. Column-II 








(c) AgCl, Agl 
(d) AIC, MgCl, 


(R) Chromatography 

(S) NH; 

(Т) C,H; - О - CH; 
ether 

Column-! : isotope? 

(Types of emission) 


(a) positron (P) o4Pu?39 


(b) a, В (О) «С! 

(с) B-rays (R) C" 

(d) X-rays (S) 48130 
(T) „Сг? 


(U) ;N? 


Comprehension Type (Q. No. 40 to 44) 


Passage-i 

Lithium cobalt oxide and specially carbon are active 
ingredients for +ve and —ve electrodes, respectively for 
a rechargeable lithium battery. During charge recharge 
cycles, following half cell reaction occur 

LiCoO; === Li;.,- + CoO, +x. Lif + x e? 
C+xLit+2eC == Li, 

total amount of energy battery can store is rated as 
mA hr. Battery rated as 1500 mA hr can power a device 
drawing 100 mA current for 15 hrs. Graphite has lithium 
inter colation sites between its layers. 


If carbon Li intercolation ratio is 6 : 1 the theortical 
charge capacity of lgm graphite to intercolate lithium is 
(a) 372 mA hr/gm 
(c) 150 mA hr/gm 


(b) 684 mA hr/gm 
(d) 880 mA hr/gm 


1 gm graphite can charge ........... coulombs 
(a) 1341 (b) 95600 (c) 13600 (d) 2682 
Passage-II 


Hydrogen is more energy dense than carbon by mass. It 
is very powerful fuel and can operate the heat engine. 
S*(H;) = 131 Jmol! K-!, $°(О») = 205 Jmol-! K-!, 
S*(H,O) = 20 Jmol! K~!) 

What is the ratio between heat generated by hydrogen 
burned and same weight of carbon burned ? 

AH, H,O = -286 І AH, CO, = -394 kJ 
(a) 2.2 (b) 4.3 (c) 6.8 (d) 12.6 

When 1 kg ОЁН, is burned, find theoretical maximum 
work produced from electric motor. Using Н, as fuel ? 
(a) 1.2x 105 kJ (b) 2.4 x 105 kJ 
(c) 8.6 x 10^ kJ (d) 11.2 kJ 

What work will be provided by engine operating 
between 25°C and 300°C ? 
(а) 6.9 x 10* kJ 
(с) 6.2 x 10? kJ 


(b) 2.4 x 105 kJ 
(d) 182 kJ 











‘Assertion ТҮҮ (а. No. 45 to 46) ^ 


Instructions : Each question contains statement-1 

(assertion) and statement-2 (reason). Of these statements, 

mark correct choice if 

(a) statements-1 and 2 are true and statement-2 is a 
correct explanation for statement-1 

(b) statements-1 and 2 are true and statement-2 is not 
a correct explanation for statement-1 

(c) statement-1 is true, statement-2 is false 

(d) both statement-1 and statement-2 are false. 


45. Statement-1: ІР. N, > LP. of O, 

Statement-2: N, looses bonding e and O, looses 
antibonding e^ 

46. Statement-1: CH4CN less basic than CH, -CH = МН 


Stateinent-2: Triple bond N has more І.Р, than double 
bond Ni 


SECTION - VI 
Subjective Questions (Q. No. 47 to 50) 





47. Compound (A) C;H;ON is insoluble dil HCI/NaOH. 
It does not react with Benzene sulphonyl chloride or 
acetylchorides. On reduction, with Zn + NH4CI. It forms 
(В), СНОМ which forms silver mirror with Tollen's 
reagent, and oxidized product (C) C;H;ON. The 
compound (C) can form isomers X. and Y on nitration 
with con. HNO,. Find st. of A, B, C, X, Y explain the 
reaction. 
H МО» NO» 


k, + 

QE x 
2 tast 
Ж 


кз 


Nitration of Benzene takes place by above path. k,, ky, k3 





rate constants sulphonation also takes place by same steps. 
(1°, ka’, kz rate constant). Graph of Benzene and CDe 
(deutro benzene) are shown in nitration and sulphonation 
in figure-1 and 2 (—C,D,) ( ...... CHo). Explain the effect 
in benzene and C,D, by using calculate of Kj, К», k3 
nitration graph 





бараа process 


taa rate e of Nitration use of Benzene/C;D, (А, ky, Ку) 
Compare rate of Sulphonation of Benzene/C,D, (k,’, ky’, ka ) 


49. It is possible to prevent precipitate of Co(OH), from 
solution of 0.01M CoCl, by buffering solution at pH 9.1 
with buffer having NH; and NH; ion. How much of 6M 
МН; and 6M HCI should be added per litre of this solution 
to prevent Co(OH); from precipitate ? 

(k, NH; = 2 x 105, k Co(OH); = 1079, К, for Co(NH;)** 
=2 x 1035) 


MCI MCI 


50. A cell is prepared M|Ix10 ^M [llx10?M |M 
NH4(2M)|INH4 (2M) 


where MCI is insoluble salt which form complex 
Mx(NH3), with NH3. Еш was 0.118 volts at 25°C. 


MCI MCI 


Another cell is M|Ix10?M |1х10°Мм |М it has 
NH54(0.01M)||NH, (0.1M) 


emf 0.1179 volts at 25?C. Find value of x, y (formation 
of complex) [x M* -y NH, == M,(NH;), complex] 


MATHEMATICS 





~ SECTION -1 
Only One Correct Option (Q. No. 51 to 55) 





51. If à is a root of x? + ax + b = 0 then 02 is also its 
root. Let a, b be real, then the number of such quadratic 
equations is (are) 
(a) one 
(c) three 
The minimum distance of x? — 2y? = 1 from the line 
yzxis 
(а) 42. Ы 1042 (02/2 @ 12 
Which of the following relation represents a 
hyperbola in (x, y) plane 


(а) 13х= 15у-3+ J(y-7Xy45) 


зы 


(b) two 


(d) infinitely many 
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(b) 15y = 13x - 3 + J(x-3Y2- x) 
(c) 15x = 13у+3+ J5x-2y+7 
(d) 13x = 15y 4 3 + 134 x- 4x) 


54. Which of the following expressions will NOT admit 
2 as a value? 

(а) IZ-2I (b) IZ- 11+ IZ * 1I 

(c) IZ- 1l - IZ- 21 4 IZ 4- 3l 

(d) DZ- 1l - ZI IZ - 1 


The digits 1, 2, 3, ...... , 9 are written in random order 
to forms a nine digit number. In this how many numbers 
will be divisible by 11 ...... 
(a) 11 x 4! 5! 

(c) 11х3! 6! 


(b) 11 x2!x 7! 
(d) 11 x9! 





One or More Correct Option (Q. No. 56 to 60) 


The function(s) having a maximum or a minimum is 
(are) 
(а) 57-(1-x)” (b) 54 - (1— xy? 
(с) x" ex +2x+1 (d) Ix- 8l 


The limit(s) that do(es) not exist are 

lim (tx yx 
(b lua n 
(d) 
The sum(s) equaling 4” are 


2n n n n 
@ 234) 6 22262) 902 UP) RSS) 
k=0 k=0 k=0 k=0 


A circle keeps touching the x-axis and the circle 
x + (y — 2)? = A externally. The locus/loci of centers of 
such circles 
(a) one ray 
(c) two parabolas 


li 1= lx* 
(a) ШШ ( x) 


3 
(c) lim(1- x?)!/* lim (x — sin х) * 
х0 x0 


(b) one parabola 
(d) one circle 

If sin 2x > cos x and x € [-л, л], then x € 
(a) [-1, 1/2] (b) [n/6, 1/2] 
(c) [57/6, л] (d) [n/2, 57/6] 


Match The Columns (Q. No. 61 to 64) 


Let ag, ау, а), ........ and by, bi, b», ..... be non-zero 
real numbers. Using the concept of infinite GP, 
Match the following for the valid type of expansion of 


Рб) = 


x? -8х+15 
Column-i Column-11 
(a) forx»6 P) Xa 
n=0 


(b) for-l<x<1 (Oye Sees 
п=0 


(R) Y (a,x" +Ь,х ") 


n=0 
(S) none of these 


(c) forx«2 

(d) for3<x<5 
OA, OB, OC that 
30A + 40B + 6CO =0 ‚ also ОА is not proportional to 


OB. Match the following 
‘olumn-: Column-II 
(a) The points А, B, C will (P) True 
form a triangle. 
(b) The vectors 
OA, OB, OC will form 
a triangle. 


Vectors are such 


(Q) False 
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(c) Any other vector can 
be written as a linear 
combination of OA, OB, OC 
(d) OABC will be a quadrilateral. 








; 4 4-x? 
If sin Ө = , and и, v (и < v) are the roots of 
=x 

2x? — 2x – 3 = 0, then Match the following 

Column-! Column-H 
(а) хє [-2, -1] (P) 0 e [0, 7/3] 
(b) хє (-1, и) (О) Өє (1/3, 1/2) 
(c) хє (0, 1) (R) 8 € (-л/2, 0) 
(d) x € (v,2) (S) null set 


Let f (x) be differentiable in [- 4, 4] and f(-1) = 0, 
f (1) = 4, f (2) = – 4, then Match the following where 
prime denotes differentiation w. r. t. x. 





Column-I Column-II 
(a) The least number of real (P) one 
root(s) of f (x) = 0 in [-2,2] 
(is) are 
(b) The least number of real (О) two 
root(s) of f^(2x 1) = 0 in 
[-3/2, 5/2] (is) are 
(c) The least number of real (R) three 
root(s) of f(x?) = 0 in 
[ —./3,./3 ] (is) are 
(d) The least number of real (S) none 
root(s) of f’(—x?) = 0 in 
[-V2, 42 ] (is) are 
Comprehension Type (а. No. 65 to 69) 
Passage-I 


The mid points (P,) of all the chords of 
С: x? + у? = 1 passing through the point Q(0, 2) are 
joined with the point R(1, 1). Let (T) be the curve where 
the mid points of P,R will lie. 


The equation of Г is 
(а) xài-y-x-2y-120(b) 2 +х- 2у+1= 0 
(с) x2 +y?-x-2y-1=0(d) 2-y-x42y-120 


The equation of one of ће common tangents of С 
and Г is 
(a) 4y=-3x+5 
(с) Зх= 4у + 5 


(b) 4у = 3х + 5 
(d) 3x=4y-6 


The equation of the chord of contact of С 
corresponding to the common tangents is 
(а) x-2y=1 (b x-2y+1=0 
(c) x+2y=1 (d) x+2y+1=0 





—————U— m 


Раѕѕаре-П 
ly 
If f(x )= 2 = x 


fü ae 
(a) су PAR Y (b) 


7 9 
IxI x? +1421 


(d) Ix I sgn(x) 4 x? +14x1 
2 = Ела vi 


The number of real roots of the equation f (x) = f(x) 
are 


Vx»-l. 





2 
ух +4x T gs 


(c) 





(a) none (b) one 
(c) two (d) more than two 
ri mun IN 


Assertion & Reason T" No. 70 to 71) 


Each question contains statement-1 
(assertion) and statement-2 (reason). Of these statements, 
mark correct choice if 
(a) statements-1 and 2 are true and statement-2 is a 
correct explanation for. statement-1 
statements-1 and 2 are true and statement-2 is not 
a correct explanation for statement-1 
(c) statement-1 is true, statement-2 is false 
(d) both statement-1 and statement-2 are false. 


In triangle ABC, if a = 2, b = 2k and ZA = 1/3. 
Statement-1: Two triangles are possible if 1 « k « 2/ 45. 
A quadratic equation px? + qx + r = 0 has 
two real and distinct positive roots if q? > pr and 
=450,and—>0 . 
p p 
Let f (x) = sin 3x e sin» 
The limit of f (x) as x — оо does not exist. 
If there exists a pair of sequences x, and 
x’, having limiting values and x, = a = х„ and if 
f 0) * f (X) then the limit of f(x) as x > a does not 
exist. (Hint: the sequence x, = пл + о is such that 
X, = œ and x, = l/nst is such that x,, = 0). 


(b) 


Subjective Questions (Q. No. 72 to 75) 


LEY 1 


Ifn>1 апаў (и) = E TA get mut —. . Find least 


n? 


positive integers a and ^ such that a < f (n) < b. 
Let 0 < a < 2b. Find the least and the greatest values 
a 2b 
— + 
at+2b 3a+4b 
If 0 is real then find the loci of a focus and of a 
vertex of the family of conics 


of 
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47. 


48. 
49. 
50. 
54 

58 

61. 
62. 
63. 
64. 
67. 


72. 


74. 


75. 


y? — 4x – 6y cos 0 + 16 sin Ө + 9 cos?0 + 4 =0. 


Check that the equation IZ + 1/2 = 1/2 represents 
branches of bounded curves in the Argand plane, 


the minimum and maximum distance between them. 
(a) 2. (b) 3. (d) 4. (b) 5 
(ad) 7. (a,c) 8. (a, c, d) 
(a, b, c) 10. (а, с, d) 
а-Р, b-Q, c-S, d-Q 
a-Q, b-R, c-S, d-P 
a-P,U, b-T, c-R, d-U 
a-Q, b-R, c-U, d-S 15. (c) 16. 
(b 18 (b 19. (d 20. (Ы) 21. 
(a) 10 x 10% m, (b) 0.40 x 10 m or 4 mm 

_ 1 Imgh + kh? 

2n\ ті? 


(а) (13/6)P, (b)1.84 Р ог J27/8P ог (34/3 /24/2)P 


(b) 


(a) (b) 30. 31. (а, с, д) 
(а, b, с) 33. (а, b,c) 
(b, d) 35. (a, Ы, с) 
a-Q,R, b-S, c-T, 4-Р 
a-Q, T, b-P, c-R, d-R,S 
a-Q, b-R, c-S, d-P,T 
a-R,U, b-P, c-Q, d-T (a) 
(b) (a) (a) (a) 
NO, NHOH NO, 
“©. A, “A 
CH, CH, 
NO 
| Í 
no, 30 
Y= 
19 ‘el ox 
CH, NO. 3 


”„ а 
- 


3^ 


(d) 


(a) 
(9) 


(b) 





(a) 
(c) 


Nitrate RCH, = RCD, Sulphonation RCH, > RCD, 


NH, = 30 ml, НСІ = 12 ml 


xzly-2 51. (c) Sz (b 53 
(c) 55. (a) 56. (b,d) 57. (ad) 
(b, d) 59. (a,c) 60. (a,b,c) 
a-Q, b-P, c-P, d-R 
a-P, b-Q, c-Q, d-P 
a-P, b-Q, c-S, d-R 
a-Q, b-P, c-Q, d-P 65. (а) 66. 
(c) 68 (d) 69. (c) 70. (a 71. 
1 7 

a=1,b=2 73. mm ze x 10 
a y. (х2) = 

16. * 16 -9 
JU +1 vi7-1 

2° . 3 


(a) 


(b) 
(d) 


na 








щл 





The masses and radii of the earth and moon аге M,R, 
and M., К, respectively. Their centres are a distance 
d apart. The minimum speed with which a particle of 
mass m should be projected from a point midway 
between the two centres so as to escape to infinity is 
given by 


red MTS GM. + MY? 
(a) | 1+ 2| (b) l ( = 2 


md 
b 


G(M, - ur 
md 
If M is the mass of the earth, R its radius (assumed 
spherical) and G the universal gravitational constant, 
then the amount of work that must be done on a body 
of mass m so that it completely escapes from the 
gravity of the earth, is given by 


GM; - M3) |” 
«y 4200702] 











GmM GmM 
ar: © OR 
3GmM 3GmM 
© “OR (d ER 


A rocket is fired from the earth to the moon. The 
distance between the earth and the moon is r and the 
mass of the earth is 81 times the mass of the moon. 
The gravitational force on the rocket will be zero, 
when its distance from the moon is 
r r 
A (с) == (d) z 


E 
20 e 15 10 5 

A hydraulic lift is used to lift a car of mass 
3000 kg. The cross-sectional area of the lift on which 
the car is supported is 5 x 10? m. What is the pressure 
on the smaller piston, if both the pistons are at the 
same horizontal level ? Take g = 10 ms”. 

(a) 6x 105 Pa (b) 5x 10? Pa 

(c) 4 x 105 Pa (d) 3x10? Pa 


A block of wood floats in a liquid with four fifths of 
its volume submerged. If the relative density of wood 
is 0.8, what is the density of the liquid in units of 
kg m? ? 
(a) 750 


(a) 


(b) 1000 (с) 1250 (d) 1500 
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A rectangular tank is filled to the brim with water. 
When a hole at its bottom is unplugged, the tank is 
emptied in time T. If the tank is half-filled with water, 
it will be emptied in time 


T T T 
(a) Ja (b) B Ф 5 1/5 
At 40°C, a brass rod has a length 50 cm and a 
diameter 3.0 mm. It is joined to a steel rod of the 
same length and diameter at the same temperature. 
What is the change in the length of the composite rod 
when it is heated to 240°C ? The coefficients of linear 
expansion of brass and steel are 2.0 x 105?C^ and 
1.2 x 10? °С“! respectively. 
(a) 0.28 cm (b) 0.30 cm 
(c) 0.32 cm (d) 0.34 cm 


Two rods of different materials having coefficients 
of thermal expansion o. and о. and Young's modulii 
Y, and Y, are fixed between two rigid and massive 
walls. The rods are heated to the same temperature. 
If there is no bending of the rods, the thermal stresses 
developed in them are equal provided. 


T 
(c) 5 


X. о He [ox 
G Y, Ve TP Y, үш, 

ї Oh, Y a 
(Ol er er (d) pay 


A copper block of mass 2 kg is heated to a temperature 

of 500°C and then placed in a large block of ice at 

0°C. What is the maximum amount of ice that can 

melt ? The specific heat of copper is 400 J kg! °С"! 

and latent heat of fusion of S is 3.5 x 2 J kg". 
4 

(a) kg 


6 
3 (b) ri (c) = kg (d) ke 


. A person measures the time period of a simple 


pendulum inside a stationary lift and finds it to be T. 
If the lift starts accelerating upwards with an 
acceleration of g/3, the time period of the pendulum 


will be 
3T 
(a) J3T (b) ут 


(с) B 


T 
(d) 3 


Contributed by : Momentum, 1495, Near Stadium, Wright Town, Jabalpur Ph.: 4005358, 4035241. 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


Two identical waves, each of frequency 10 Hz, are 
travelling in opposite directions in a medium with a 
speed of 20 cm s. The distance between adjacent 
nodes is 

(a)l.0cm (b)1.2cm. (с) 1.5 ст (d)2.0cm 


Two parts of a sonometer wire, divided by a movable 
knife-edge, differ in length by 1 cm and produce 
] beat per second when sounded together. If the total 
length of the wire is 100 cm, the frequencies of the 
two parts of the wire are 
(а) 51 Hz, 50 Hz 

(c) 49 Hz, 48 Hz 


(b) 50.5 Hz, 49.5 Hz 
(d) 49.5 Hz, 48.5 Hz 


How is the interference pattern in Young's double 
slit experiment affected if the sodium (yellow) light 
is replaced by red light of the same intensity ? 

(a) The fringes will vanish 

(b) The fringes will become brighter 

(c) The fringe width will decrease 

(d) The fringe width will increase 


In Young's double slit experiment, the slits are 
separated by 0.28 mm and the screen is placed 1.4 m 
away. The distance between the fourth bright fringe 
and the central bright fringe is measured to be 
1.2 cm. What is the wavelength of light used in the 
experiment ? 

(a) 200 nm (b) 400 nm (с) 600 nm (d) 800 nm 


In Young's double slit experiment the slits are 
0.5 mm apart and interference is observed on a screen 
placed at a distance of 100 cm from the slits. It is 
found that the 9" bright fringe is at a distance of 
9.0 mm from the second dark fringe from the centre 
of the fringe pattern. What is the wavelength of light 
used? — 

(а) 2000 А (b) 4000 A (c) 6000 A (d) 8000A 


In a cathode ray tube, the electrons are subjected to a 
potential difference of 182 V. The maximum speed 
acquired by the electrons is 

(a) 108 ms? (b) 2 x 108 ms? 

(c) 4х 106 ms" (d) 8x 106 ms“ 

In Millikan's oil drop experiement, a charged oil 
drop of mass 3.2 x 10-'* kg is held stationary 
between two parallel plates 6 mm apart by applying 
a potential difference of 1200 V between them. How 
many excess electrons does the oil drop carry ? Take 
g = 10 ms? 

(a) 7 (b) 8 (c) 9 (d) 10 


The maximum energy K a of photoelectrons emitted 
in a photoelectric cells is measured using lights of 





19. 


20. 


21. 


22. 


23. 


24. 


various frequencies v. The graph in figure shows 
how K_ varies with v. The slope of the graph is 
equal to 


(a) the charge of an electron 
(b) the charge and 
mass ratio of an 
electron | 
the work function Я 
of the emitter in М 
the cell 
(d) Planck's constant. Vo 


(c) 


ee 


The distance of the closest approach of an alpha 
particle fired at a nucleus with kinetic energy К is г. 
The distance of the closest approach when the alpha 
particle is fired at the same nucleus with kinetic energy 
2K will be 

(c) (d) 


(a) 2r, (b) 47, 


N |5 


h 

4 

The radius of a nucleus is 

(a) proportional to its mass number 

(b) inversely proportional to its mass number 

(c) proportional to the cube root of its mass number 
(d) not related to its mass number. 


Which one of the following nuclear reactions is not 
possible ? 

(a) ?C+7C > 
(b ?Be+ H — 4+ He 
(с) !"Be«|H —> jBe- tHe 
(d) ;Li4;He + 'H + В 


In pure silicon at 300 K the electron and hole 
concentration is each equal to 1.5 х 10:6 m?. When 
doped with indium, the hole concentration increases 
to 4.5 x 10? m?. What is the electron concentration 
in doped silicon ? 
(a) 3x 10° пг? 

(с) 5 х 10° пг? 


Ме + “He 


(b) 4х 10 т? 
(d) 6 x 10? пг? 


A piece of copper and another of germanium are 
cooled from room temperature to 80 K. The resistance 
of 
(a) 
(b) 
(c) 


each of them increases 

each of them decreases 

copper increases and that of germanium 
decreases 

copper decreases and that of germanium 
Increases 


(d) 


A full wave rectifier is fed with ac mains of frequency 
50 Hz. What is the fundamental frequency of the 
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25. 


26. 


27. 


28. 


29. 


ripple in the output current ? 
(а) 25 Hz (b) 50Hz (c) 75 Hz (d) 100 Hz 


In a transistor circuit, the collector current is 9.8 mA | 


and the base current is 0.2 mA. The current gain p is 
(a) 48 (b) 49 (c) 50 (d) 51 


The electrical conductivity of a semiconductor 
increases when electromagnetic radiation of 
wavelength shorter than 2480 nm is incident on it. 
The band gap (in eV) for the semiconductor is 
(a) 0.9 (b) 0.7 (c) 0.5 (d) 1.1 


A uniform sphere of mass M and radius R exerts a 
force F on a small mass m situated at a distance of 2R 
from the centre O of the sphere. A spherical portion 
of diameter R is cut from the sphere as shown in 
figure. The force of attraction between the remaining 
part of the sphere and the mass m will be 





4F F 
eer: 


IF 
9 3 


2F 
(a) (by === e) 
A glass tube of radius r is dipped vertically into a 
container of mercury with its lower end at a depth h 
below the mercury surface. If o is the surface tension 
of mercury, what must be the gauge pressure of air in 
the tube to blow a hemispherical bubble at the lower 


end ? 


26 26 
(a) poms (b) = HEP 


4c 4c 
(с) —+hgp Ag 
r r 
Two rods A and B of different materials are welded 
together as shown in figure. If their thermal 
conductivities are K, and K,, the thermal conductivity 


of the composite rod will be 


(d) 
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31. 


32. 


33. 


34. 


35. 


(a) XK, +K,) (b =(K,+K,) 


(с) (K,+K,) 


1 
(d) БО! + K,) 


Two persons A and B, each carrying a source of sound 
of frequency v, are standing a few metres apart in a 
quiet field. A starts moving towards B with a speed u. 
If v is the speed of sound, the number of beats heard 








per second by A will be 
Uu 2vu 
(a — (0) "ce 
v 
^и Uu 
(c) (v+u) (d) (у— и) 


In Young’s double slit experiment, the 10% maximum 
of wavelength A, is at a distance y, from its central 
maximum and the 5“ maximum of wavelength A, is 
at a distance y, from its central maximum. The ratio 


of y,/y, will be 
A 23 о aM 
GO; OF Ox @ 


The maximum kinetic energies of photoelectrons 
emitted from a metal are K, and K, when it is irradiated 
with lights of wavelength А. and А, respectively. The 
work function of the metal is 


КА, - Kj, Kx + Koh, 

ORT М + Àn 
Kà, - К/А, КА, + Kj, 

Са grt 


А 1 MeV positron and a 1 MeV electron meet each 
moving in opposite directions. They annihilate each 
other by emitting two photons. If the rest mass energy 
of an electron is 0.51 MeV, the wavelength of each 
photon is 

(a) 5.1 x 10° Å (b) 10.2 x 10° À 

(с) 8.2 x 10° Å (d) 6.2 x 10° Å 


The current gain (B) of a transistor in common 
emitter mode is 40. The change in collector current 
by 160 mA at constant V_,, the necessary change in 
the base current is 

(а) 0.25 pA 
(c) 4mA 


The circuit shown in figure contains two diodes D, 
and D, each with a forward resistance of 50 ohms 
and with infinite backward resistance. If the battery 
voltage is 6 V, the current through the 100 ohm 
resistance (in amperes) is 


(b) 4рА 
(d) 40 mA 


36 


42. 


43. 


| 
| 
| 





6V 


(b) 002 (с) 003 (d) 0.036 | 


The binding energies per nucleon for ^H and *Не 
respectively are 1.1 MeV and 7.1 MeV. The energy 
released (in MeV) when two °H nuclei fuse to form | 
*He is | 
(a) 4.4 (b) 8.2 (c) 24 (d) 28.4 
Photoelectric emission is observed from a metallic 
surface for frequencies v, nd v, of the incident light 
(v, > v,). If the maximum values of kinetic energy 
of the photoelectrons emitted in the two cases are in 
the ratio 1: п, then the threshold frequency of the 
metallic surface is 


(a) zero 





Vv, - V, nu, — V, 
(a) n-i (0) n-1 | 
nu, —V, V, — V, | 
(c) Or | 
п—1 п 


64 gm of an organic compound contains 24 gm of 
carbon, 8 gm of Hand the rest oxygen. The empirical 
formula of the compound is 

(a) CH,O (b) C,H,O (с) CHO (d) C,H,O, 
Two compounds have the structural formula | 
CH, ~ О ~ CH, ~ CH, and СН,СН,СН,ОН is an 
example of 

(a) Metamerism 

(c) Positional isomerism 
(d) Chain isomerism 


(b) Functional isomerism 


The order of decreasing stability of the carbanions 
(1) (CHjC (2) (CH,),CH 

(3) CH,CH, (4) C,H,CH, is 

(a) 1>2>3>4 (b 4>3>2>1 

(c) 4>1>2>3 (d 1>2>4>3 


Alkene RCH = CH, and B,H, react readily with 
H,O., and the product on oxidation in alkaline medium 
produces | 
(a) RCH,CHO (b) RCH,CH,OH 

(c) Same (d) eee as? 


О OH OH 
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49, 


| 40. 


When a plane electromagnetic wave travels in 
vacuum, the average electric energy density is given 
by (here E. is the amplitude of the electric field of 
the wave) 


1 1 
(a) T&E (b) ZEE (c) 2€,E? (d) 4e,Fj 


4 
The period of oscillation of a simple pendulum of 
length L suspended from the roof of a vehicle which 
moves without friction down an inclined plane of 
inclination a, is given by 


IE | 7, 
2x 
(b) Y gsina 


(d) 2n.| B 
g tana 


A slab of stone of area 0.34 m? and thickness 
10 cmis exposed on the lower face to steam at 100°C. 
A block of ice at 0°C rests on the upper face of the 
slab. In one hour, 3.6 kg of ice is melted. Assume 
that the heat loss from the sides is negligible. 
The latent heat of fusion of ісе is 3.4 x 10*J kg". 
What is the thermal conductivity of the stone in units 
of Js'm'°C? 

(a) 1.0 (b) 1.5 











= СОО, 


2r 
(a) \ 





(с) 


(с) 2.0 (d) 2.5 


The predominant product formed, when 3-methy]-2- 
pentene reacts with HOC] is 


z OH 

(a) СН, – СН, – T - СН – CH, 
CH, 
m m 

(b) CH,- СН, – Y - CH- СН, 
CH, 
T 

(с) CH, - СН, – T = UH - CH, 
CH4CI 

Ha oH 
(d CH,- T - CH- СН, 


CH, 


Which of the following reaction is expected to give a 
hydrocarbon product readily in good yields. 


(a) RCO OK ee (b) RCOOAg l 


Oxidation 


Cl, CjH,OH 
(с) СН;-СН,——> (d) (CH CHO 


KMnO, 
СН, = CH; конун. ^ Product X in the above 
reaction is 
(a) ethylene glycol 
(c) ethanol 


(b) glucose 
(d) all of the above 


Reaction of phenol with dil HNO, gives 
(a) p and m-nitrophenol (b) o and p-nitrophenol 
(c) Picric acid (d) o and m-nitrophenol 


The ester among the following is 
(a) calcium lactate (b) ammonium acetate 
(c) sodium acetate (d) none of these 


- Hinsberg's reagent is 


(8) (O)-cont, (b) (О)-юх. 
(с) (О-оо 


When methyl iodide is heated with ammonia the 
product obtained is 
(a) methylamine 

(c) trimethyl amine 
(d) mixture of all the three amines given in choices 


(b) dimethylamine 


Which of the following halides is least stable and 

has doubtful existence ? 

(a) CI, (b) Gel, (с) Snl, (d) РЫ, 

In the nitrogen family the Н – М – Н bond angle in 

the hydride MH, gradually becomes closer to 90° on 

going from N to Sb. This shows that gradually 

(a) the basic strength of hydrides increases. 

(b) almost pure p-orbitals are used for М-Н 
bonding. 

(c) the bond energies of M — H bond increases. 

(d) the bond pairs of electrons become nearer to the 
control atom. 


Which is used as hydrogen generators ? 


(a) NaH (b) HI 

(c) SH, (d) None of these 
Solid PCI, exist as 

(a) PCI, (b) PCL 

(c) PCI” (d) PCI, & PCI. 


The correct order and solubility in water for He, Ne, 
Ar, Kr Xe is 
(a) He» Ne» Ar» Kr» Xe 
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(D Ne > Ar > Kr > He > Хе 
(c) Xe» Kr» Ar» Ne > He 
(d) Ar» Ne» He » Kr » Xe 


Which of the following statement is not true regarding 
transition elements? 

(a) They readily form complex compound. 

(b) They show variable valency. 

(c) All their ions are colourless. 

(d) Their ions contain partially filled d electron. 


Acidified solution of chromic acid on treatment with 
hydrogen peroxide yields 
(а) CrO, + H,O + O, 

(с) CIO, + HO 


Which of the following is not a transition metal ? 
(a) Chromium (b) Titanium 


(b Cr,0, + H,O + O, 
(d) H,CrO, + H,O + O, 





(c) Lead (d) Tungsten 

Which of the following is expected to form colourless 
complex ? 

(a) Ni (Ы) Cut (е) Т  (d)Fe* 


An organic compound has been found to possess the 
empirical formula CH,O and molecular wt 90 . The 
molecular formula of it is 

(a) С,Н,О, (b) CH,O (с) C,H,O, (d) C,H,O 


IUPAC name of the compound 


a 


[o 
ie eee deb d OH, 


(а) 4- Isopropyl-1, 6-dimethyloctane 

(b) 3-Methyl-5-(1’-methylethyl) octane 

(c) 3-Methyl-5-isobutyloctane 

(d) 6-Methyl-4-(1'-methylethyloctane) 

Benzene reacts with CH,COCI in the presence of 
AlCl to give 

(a) C,H.CI (b) C,H,COCI 

(c) C,H,CH, (d) C,H,COCH, 


The compound most likely to decolourise a solution 


of KMnO is 
2 = 
(a) CH,CH, е NET 


(с) CH,CH = CHCH,CH, 
(d) (CH,),C 
Acquired immuno deficiency syndrome (AIDS) is 


characterised as 
(a) killer T-cells 


(b) Reduction in number of T-cells 
(c) An auto immune disease 
(d) Inability of body to produce interferons 


Which of the following is a correct statement ? 
(a) Troleins are amino acid 

(b) o-Hydrogen is present in fructose 

(c) Starch is a polymer of a-glucose 

(d) Amylose is compound of cellulose 


Dacron is obtained by 
polymerisation of 

(a) dimethyl terephthalate and ethylene glycol 
(b) terephthalic acid and formaldehyde 

(c) phenol and phthalic acid 

(d) phenol and formaldehyde 


Nitrobenzene gives N-phenyl hydroxyl amine by 

(a  Sn/HCI (b H/Pd-C 

(c) Zn/NaOH (d) Zn/NH,Cl 

Which of the following set of elements doesn't belong 
to transition elements set 

(a) Fe, Co, Ni (b) Cu, Au, Ag 

(c) Ti, Zr, Hf (d) Ga, In, TI 

Which of the following will show increase in wt. 
when kept in magnetic field ? 

(a) TiO, (b) Fe,(SO,), 

(с) KMnO, (d) ScCI, 

The proton on the phenol must be removed to start 
the reaction. Why is the phenolic proton acidic 

(D Electron withdrawing group are present 

(ID The anion is stabilised by resonance 

(III) The phenol is a carboxylic acid 


(a) I only (b) ITonly 
(c) I&II only (d) I& M only 
Which of the following compound is optically 


inactive ? 
/ СІ 
O RA 


Cl cl 


Над = 7H CH 
(c) нис OFC (d) (C i 


The correct increasing order of extent of hydrolysis 
in the following compounds is 
(а). CCL, < MgCl, < AICI, < SiCI, < PCI, 


(b) CCl, < AICI, < MgCl, < PCI, < 51СІ, 
(c) AICI, < MgCl, < CCl, < PCI, < SiCI, 
(d) SiCl, < МЕСІ, < AICI, < PCI, < ССІ, 


Cl 


(a) 


the condensation 





74 





Which of the following turns solution cloudy 
immediately ? 


(a) [>CH,OH 
CH, - CH, 
(b CH,CH;CH, - c -OH 
CH, - CH, 


(c) CH,CH,CH,CH - OH 


CH, 
(фей alk 
OH 
HBr 


Z- CH —CH,——? Z-—CH,-CH,-Br which 
of the following substituent might be best suited 
for Z? 

(a) Cl (b) -SO,H 

(c) -OCH, (d) CH, 


Rate of reaction is generally influenced by change in 
solvent and its polarity. Which of the following 
combination (S,2 reaction, reactant-effect on rate) is 
correct, when solvent polarity is increased ? 

L = leaving group Nw = nucleophile 

(a) R-£+Nu small decrease in rate 

(b) R- L+ Ми” Large decrease in rate 

(с). R - Т^ + Nusmall decrease in rate 

(d) None of these 


Aq. solution of A on treatment with HCI,H.S gives 
black precipitate. Thus which of the following 
cationic species must not be in the compound A ? 
(а) Нр" (Ы) Pb* (с) Ві (а) Са” 


The correct nucleophilicity order in DNF 
(a) CH, >OH > NH, >F >I 

(b) CH, > ОН >NH, >I >F 

(с) I >F >OH >NH, > СН; 

(d CH, >NH, >OH >F >T 


The dissolution of Al(OH), by a solution of NaOH 
results in the formation of 


(a) [AI(H,0),(OH),) (Ы) [AIGH,0),(OH),] 
(с) [AIGH,0),(OH),F (d) [AKELO)OED] 


The observed relative reactivities of alcohol towards 
reaction with a hydrogen halide are 3° > 2? > 1°. If 
secondary alcohols underwent an S,2 reaction with 
a hydrogen halide rather then S,1 reaction. The 
relative reactivities of the three classes of alcohol 
would be 

(a) same 

(с) 2°>1°>3° 


(b) 2°>3°>1° 
(d) 39» 1?» 2° 
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f dx 
Jg xy т equals 


(а) VI+ te 


5 -c 
(c) peat +c 


(b) NEEG 


(d) none of these 











1 1-22 -1 
If |—.-——dx- Alog|--—————_|+ B, then A 
JE Vi-x +1 
equals 
2 1 1 2 
(a) == (b) Sa (c) 5 (d) = 


When п € №, the value of [ра , where [x] is ће 
0 | 


greatest integer function, is 





-1 
(а) тп 1) = 
п(п+1) 
(с) = (d) none of these 
| а TESTED dx m. 
@) -2 2 (c) 2л (@ z 


Area enclosed by y = 1 and +2x + y = 2 (in square | 


units) is 


| 1 
(а) 3 (b) 4 (c) 1 (d) 2 


Area enclosed between the curve y = x'^, the y-axis 


and the line у= -1, y = 1 is 
0 b 2 
(a) b) 5 


(c) 


The integrating factor of the differential equation 


(d) none of these 


юы, 


d 
== (ов x)+y=2logx is 


(a) е 
(c) 10р(10рх) 


(b) logx 
(d) x 


Family y = Ax + A? of curves is represented by the | 


differential equation of degree 
(a) three (b) two 
(c) one (d) none of these 
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The co-ordinates of a point on the line x + y = 3 such 
that the point is at equal distances from the lines 
[х -= (у are 

(a) (0,3) (b) (0,0) (c) C3,0) (d) (0,3) 


If a, b, c are in A.P., a, x, b are in G.P., and b, y, c are 
in G.P., then (x. y) lies on 
(a) ast. line 

(c) a parabola 


(b) acircle 
(d) an ellipse. 


The equation of the circle whose radius is 5 and which 
touches the circle x? + y? – 2x – 4y – 20 = 0 at the 
point (5, 5) is 

(а) xy + 18х + 16у + 120 20 

(b) x? + y? – 18х – 16у + 120 = 0 

(c) х + у? – 18х + 16у + 120 = 0 

(d) x? + y? + 18x- 16у + 120 = 0 


The circle x? + y? — 6x – 10у + k = 0 does not touch or 
intersect the x-axis and the point (1, 4) lies inside the 
circle, then 

(a) 25 «k «29 
(c) 9«k«29 


The length of the latus-rectum of the parabola 
169((x — 1 + (у – 3?) = (5x - 12v + 17) is 
12 14 28 25 


Gers. ONT А Mature 


(b 9«k«25 
(d) none of these 


Consider the equation of the parabola y? + 4ax = 0, 
where a > 0. Which of the following is false ? 

(a) Vertex of the parabola is at the origin 

(b) Focus of the parabola is (a, 0) 

(c) Directrix of the parabola is x = a 

(d) Tangent at the vertex is x = 0 


ey h 
— t —-1l, whose 
a B 
latus-rectum is half its minor-axis is 


2 
(a) 12 


(с) 2 


The foci of an ellipse are (0, +1) and minor axis is of 
unit length. Then the equation of the ellipse is 

(a) 22 +y=2 (b xi-2y22' 

(с) 42 + 20y! = 5 (d) 20x + 4y? = 5 


The eccentricity of the ellipse 


(d) none of these 


e+e e 





The 


х = 





equations 


ә 
N 


represent 


(a) acircle 
(c) an ellipse 


(b) a parabola 
(d) a hyperbola 


12 persons are to be arranged to a round table. If two 
particular persons among them are not to be side by 
side, the total number of arrangements is 


(a) 910!) (b) 2(10!) (c) 45(10!) (d) 10! 


All the letters of the word 'EAMCET' are arranged 
in all possible ways. The number of such 
arrangements in which two vowels are adjacent to 
each other is 


(а) 360 (Б) 144 (c) 72 (d) 54 
Two persons throw a pair of dice alternatively till one 


gets a total of 9 and wins the game. If A has the first 
throw, then the probability that A wins the game is 


9 „ Ё 
(а) ту (0 17 
(с) 1/2 (d) none of these 


If mean of a binomial distribution is 3 and its variance 


3. 29 

is ah then number of trials is 

(a) 6 | (b) 2 

(c) 12 (d) none of these 


The minimum value of sinO соѕӨ is 


1 1 
(a) 1 (b 0 (wn uU o 


In a triangle ABC, 

cosecA (sinB cosC + cosB sinC) is 

(a) cla (b) ale 

(c) 1 (d) none of these 
If ina 


AABC 4cosA cosB + sin2A + sin2B + sin2C = 4 
then the triangle is 

(a) equilateral (b) only right angled 
(c) isosceles and right angled 

(d) none of these 


In a triangle ABC, (a+ b + cY(b + c — a) = Abc if 
(a) 0<А<4 (b) A>4 
(c) 4«0 (d) А>0 


In a AABC, if Rr (sinA + sinB + sinC) = 96, then the 
area of the triangle in square units, equals 

(a) 24 (b) 48 (с) 72 (d) 96 

The perimeter of a triangle, right-angled at C, is 70, 
and the inradius is 6, la — bl equals 

(a) 1 (b) 3 (с) 7 (d) 9 


1 
If n ѕіпӨ, cosÓ and tané are in G.P., then the general 





value of @ is: 


(a) Inne neZ (b) anne =, neZ 


(c) m+(-1) =, nez (d) m+, nez 


Ata point A, the angle of elevation of a tower is such 


D 
that tangent is үз, ОП walking 240 m nearer the 


tower, the tangent of the angle of elevation is н . Then 
the height (in m) of the tower is 

(a) 220 (b) 225 

(c) 224 (d) none of these 


If x = sink, y = costk, -1 < k € 1, then the correct 
relationship is 


(a) х+у= 2 (b x-y=2 


aR а. 
(с) х Pm (d) x 75 


Two forces act at an angle of 120?. The greater force 
is represented by 80 kg and the resultant is at rt. angles 
to the lesser. The lesser force is 

(a) 60 kg (b) 40 kg 

(c) 50 kg (d) None of these 


The resultant of two forces, each equal to P in 
magnitude acting at an angle & is of magnitude R 


E. l =- 
and the resultant of P and ak acting at rt. angles is 


2 
of magnitude , R , The value of a is 


(а) 1/2 (b) 2/6 
(c) 2/3 (d) none of these 


A particle moves in a st. line and its law of motion is 
given by s? = 3? + 2t + 4. Show that the acceleration 
varies as 


i^o шы 
(a) ? (b) = (c) 3 (d) m 
Displacement in time t is 


iz 1 
(а) s=rluty) (b) satur) 


(c) з= (d) m 

The mean wage of 1000 workers in a factory running 
in two shifts of 700 and 300 workers is Rs. 500. The 
mean wage of 700 workers working in day shift is 
Rs. 450. The mean wage of workers working in the 
night shift is 
(a) Rs. 570 
(c) Rs. 543.67 


(b) Rs. 616.67 
(d) none of these 
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If each observation of a raw data whose 
variance is 6”, is increased by A. then the variance | 


of the new set is 1. (D 2. @ 3 © 4 (ә) s, (b 
(а) +À . (b o- +2? 6e @ 7. © 8, (@) () 10. (b 
(c) oA? . A (d) none of these \ и. @ 12 (b 33 (d 14 © 15 © 
If S.D. of n observation x, x,...,x, is 7 and another | 16. (d) 17. (d 18. (d 19. © 20. ©) 


set of n observations y,, y,..., y,is 8, then S.D. ofn | у (c) 22, (c) 23. (d 24. (d) 2s, (b 
observations x, — у, X, — У... X, — y, 15 | 


(a) 1 (b) Is | 31. (а) э (а) 33. (с) 34. © 35. (b 


(c) -1 (d) none of these 


If G is the G.M. of the product of K sets of | 
observations, with GM 's GG. G, respectively, 


then G is equal to 51. (d) 52. (d) 53. (d 54, (а) 55. (d) 
(а) logG, + logG, + .....+ logG, 56 (с) 57. (б) 58. (с) so. (б) 60. (b 
(b) logG;logG,.....logG, 61. (а) 62. (D 43. (d 64. © 65. (b) 
ORCE Ern 66. ©) 67. @ 68. @ 69. (D 79. (b 


(d) none of these. 


The relationship between mean, median and mode 





| a d d c d 
for a moderately skewed distribution is 76, @ 775 (d, тв; (Da 79... 80. (® 
(a) Mode = Median — 2 Mean |81. (© $2. (O 82. (D 84 (0) ss. (9 
(b) Mode = 2 Median — Mean 86 (b 87 (D ss (а) 89. (а) 90. (b) 
(c) Mode = 3 Median — 2 Mean 91. (D 9: (© әз, © 94 (b 95. (©) 
(d) Mode = 2 Median — 3 Mean ЛОТ 
Variance is independent of (a) 402. (©) 103. (¢) 104. (©) 105. (a) 
du 106. (D. 107. (а) 108. (2 (D 10. ©) 
Weir 11. ® 112. (0 113. ©) 114. ©) 16 (b 
(c) origin and change of scale i . 1“ 

(d) none of these. 116. (d) 117. (D (c) (c) 120. (a) 


BHU PMT Screening 
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A 20 kg block is initially at rest on a rough horizontal 
surface. A horizontal force of 75 N is required to set 
the block in motion. After it is in motion, a horizontal 
force of 60 N is required to keep the block moving 
with constant speed. The coefficient of static friction 
is 

(a) 0.38 
(c) 0.52 


(b) 0.44 
(d) 0.60 


The total kinetic energy of a rolling sphere having 
translational velocity v is 


7 1 
— Му? b = Му? 
(а) 10 v (b) 2 y 
D m 10 
= Му? d —Mv? 
(c) M (d) a MU 


A car accelerates from rest at a constant rate œŒ for 
some time, after which it deaccelerates at a constant 
rate В and comes to rest. If the total time elapsed is 
t, then the maximum velocity acquired by the car is 











T NN 
(с) (a+B)t (d) «Вт 
ap a+b 


Which of the following pair does not have similar 
dimensions? 

(a) Stress and pressure (b) Angle and strain 

(c) Tension and surface tension 

(d) Planck’s constant and angular momentum 


The speed of a boat is 5 km/h in still water. It crosses 
a river of width 1.0 km along the shortest possible 
path in 15 minutes. The velocity of the river water is 
(in km/h) 
(a) 5 
(c) 3 


(b) 1 
(d) 4 


If 2 kg mass is rotating on a circular path of radius 
0.8 m with angular velocity of 44 rad/sec. If radius 
of the path becomes 1 m. then what will be the value 
of angular velocity? 


(a) 28.16 rad/sec (b) 19.28 rad/sec 
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(c) 8.12 rad/sec (d) 35.26 rad/sec 


A particle is thrown with velocity u making an angle 
0 with the vertical. It just crosses the top of two 
poles each of height h after 1 s and 3 s respectively. 
The maximum height of projectile is 





(a) 9.8 т 
(с) 39.2 т 


(b) 19.6 m 
(d) 4.9 m 


A man slides down a light rope whose breaking 
strength is n times his weight. What should be his 
maximum acceleration so that the rope just not 
breaks? 


(а) (l-n) (b) ng 
(с) —2_ (а= 
1+1 1-1 


Three equal weights А, В, С of 
mass 2 kg each are hanging on a 
string passing over a fixed 
frictionless pulley as shown in 
figure. The tension in the string 
connecting weights B and C is 
(a) zero 

(b) 13.0 newton 
(c) 3.3 newton 





(d) 19.6 newton 


A cricketer catches a ball of mass 150 g in 0.1 sec moving 
with speed 20 m/s, then he experiences force of 

(a) 300N (b) 30N 

(c) 3N (d) 0.3 N 


Two equal masses m, and m, moving along same 
straight line with velocities + 3 m/s and — 5 m/s 
respectively collide elastically. Their velocities after 
collision will be respectively 

(a) + 4 m/s for both (b) —3 m/s and + 5 m/s 
(с) —4 m/s and - 4 m/s (d) — 5 m/s and + 3 m/s 





12. 


13. 


14. 


15. 


16. 


17. 


18. 


A body of mass M is hung by a long thread and a 
bullet of mass m hits it horizontally with a velocity 
v and gets embedded in the body. Then for the body 
and the bullet system 





(a) momentum — | Мт ) 
Mtm 


/ 


(b) kinetic energy = = mv? 


(c) momentum = M t m) mv 
M 
22m. 
(d) kinetic energy = —" 
2M +m) 


Moment of inertia of a uniform rod of length L and 
mass M, about an axis passing through L/4 from one 
end and perpendicular to its length is 


d upon: yp o Miis ME 
(a) 3 МІ? (b) i. MP (c) GML (d) ME 
Two particles having mass M and m are moving in a 
circular path having radius R and r. If their time 
periods are same, then the ratio of angular velocity 
will be 


(a) JR 


Geet eS О 
R r r 
A wheel having moment of inertia 2 kg m? about its 
vertical axis, rotates at the rate of 60 rpm about this 
axis. The torque which can stop the wheel’s rotation 
in one minute would be 
= 2 Pe 
(а) ANm (b Æ Nm © 2 Nm (d) Nm 
12 18 15 12 
If g is the acceleration due to gravity on earth then 
increase in potential energy of a body of mass m 
upto a distance equal to twice the radius of the earth 
from the earth surface is 


1 2 
(а) 5 mgR (b) 3 mgR 
(c) 2mgR (d) h mgR 
A cylindrical vessel is filled with water up to height 


Н. A hole is bored іп the wall at a depth Р from the 
free surface of water. For maximum range, й is equal 
to 

(a) нА (Ы HN 


(c) 3H/A (d) H 


If S is stress and Y is Young's modulus of material 
of a wire, then the energy stored in the wire per unit 
volume is 

2Y S 


Qe om O 


d 25Y 
2Y 52 2Y ш 


19. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


A cube is у®5їсс*®т® ol = 


compression. If the тос of (ie co oe 
1%, the bulk strain is 
(a) 0.01 (b) 0.02 (c) 0.03 (d) 0.06 


If the surface tension of water is 0.06 Nm:!, then 
the capillary rise in a tube of a diameter 1 mm is 
(cos 0 = 0°) 
(a) 1.22cm 
(c) 3.12 cm 


(b) 2.44 cm 
(d) 3.86 cm 


If the r.m.s. speed of a gas molecule at 27?C is 
10042 ms:!. The r.m.s. speed at 327°C would be 
(a) 100 ms-! (b) 200 ms-! 
(c) 300 ms! (d) 400 ms". 


Surface tension of water is 0.072 Nm’. The excess 
pressure inside a water drop of diameter 1.2 mm is 
(а) 240 Nn? (b) 120 Nm? 

(c) 0.06 Nm? (d) 72 Nm? 


If à denotes the wavelength at which the radiative 
emission from a black body at a temperature T K is 
maximum, then 
(a) à „=T 

(c) Ap T^ 
(d) À, does not depend on T 


(b) A, ec T-! 


The temperatures T, and T, of heat reservoirs in ће 
ideal Carnot engine are 1500°C and 500°C 
respectively. If T. increases by 100°C, what will be 
the efficiency of the engine? 

(a) 62% (b) 59% (c) 65% 


During an adiabatic process, the pressure of a gas is 
found to be proportional to the cube of its absolute 
temperature. The ratio C C, for gas is 
(a) 4/3 (b) 2 (c) 5/3 


(d) 100% 


(d) 3/2 


A particle is performing simple harmonic motion 
along x-axis with amplitude 4 cm and time period 
1.2 sec. The minimum time taken by the particle to 
move from x = + 2 to x = + 4 cm and back again is 
given by 


(a) 04s (Ы) 0.35 


Velocity of a body moving in simple harmonic 


motion, is 
(b) ox a? = y? 


(a) wa? + y? 
(c) @ la? + у? (d) ax [а2—у? : 


Two infinite plane parallel sheets, separated by a 
distance d have equal and opposite uniform charge 
densities с. Electric field at a point between the 
sheets is 


(с) 02s (d) 0.65 


и 
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29. 


30. 


31. 


32. 


33. 


(a) depends upon location of the point 
(b -= © 2 


(d) zero 


d? | 


A charge О uC is placed at the centre of a cube, the 
flux coming out from any face will be 








Q ins Отт 

@ 2x10 © х0 
О Q 
© яе Оке 


Elecric field at the centroid of a triangle carrying q 
charge at each corner is 








(a) zero (b) х2 Ka 
л 

EE e =F 
r 


As pera point charge - gis — 7 
placed at the origin O. Work 4 
done in taking another point 
charge — Q from the point A 
[coordinates (0, a)] to another 
point B [coordinates (a, 0)] 


along the straight path ABis О gp* 





(b) 


qQ 1 a 40 1 
(c) E 2) (d) ү = |e 
Two wires of same metal have the same length but 
their cross sections are in the ratio 3 : 1. They are 
joined in series. The resistance of the thicker wire is 
10 Q. The total resistance of the combination is 
(а) (5/2) © (b) (40/3)Q (с) 400 (с) 1000 


Zero 








The figure shows a network of currents. The 
magnitude of current is shown here. The current J 
will be 


v 15А ИЗА 
8A 
1 
ASA а 
(а) -3 (Ф) ЗА (с) 13А (d) 23А 


і. Two resistors whose value are in ratio 2 : 1 are 





connected in parallel with one cell. Then ratio of 
power dissipated is 
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35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 





(а) 2:1 (b) 4:1 (c) 1:2 (d) 1:1 


The maximum power drawn out of the cell from a 
source is given by (E = emf of a cell, r = internal 
resistance of a cell) 

(a) ERr (b) Е2/4г 


(с) Er (ау EBr 


The magnetic field due to a current carrying circular 
loop of radius 3 cm at a point on the axis at a distance 
of 4 cm from the centre is 54 uT. What will be its 
value at the centre of the loop? 

(a) 250 ЫТ (b) 150 pT (c) 125 pT (d) 75 pT. 


A charged particle moving with velocity 2 x 10? m/s 
passes undeflected through electric and magnetic 
fields. Magnetic field is 1.5 tesla. The electric field 
intensity is 

(a) 2x10? N/C 
(c) 3x 10? N/C 


(b) 1.5 x 10? N/C 
(d) 4/3 x 103 МС 


To produce a magnetic field of л tesla at the centre 
of circular loop of diameter 1 m, the current flowing 
through loop is 
(а) 5x106A 

(с) 2.5x 105A 


(b) 107A 
(d) 2x106A 
The magnetic moment of a current J carrying circular 


coil of radius r and number of turns N varies as 


(a 1/? (b lr. (or (d) r? 


The current flowing in a coil of self inductance 
0.4 mH is increased by 250 mA in 0.1 s. The e.m.f. 
induced will be 


(a) +1У (b -IV (0) +1 mV (d) -1mV 


For the series LCR circuit shown in figure, what is 
the resonance frequency and the amplitude of the 
current at the resonating frequency? 

8 mH 


220V 


44Q 


(а) 2500 rads“! and 5 J2 A 
(b) 2500 rads! and 5 A 


5 
c) 2500 rads“! and == ^ 
©) d 
(d) 250 rads-! and 5 V2 A 


Soap bubble looks coloured due to 
(a) dispersion (b) reflection 
(c) interference (d) none of these 





Two waves of same frequency, but of amplitudes in 
the ratio 1 : 3 are superimposed. The ratio of maximum 
to minimum intensity is 

(а) 4:1 (b 1:4 (03:1 (@ 1:3 


The radius of curvature of a thin planoconvex lens 
is 10 cm (of curved surface) and the refractive index 
is 1.5. It the plane surface is silvered, then the focal 
length will be 

(a) 15cm (b) 20cm (c) 5cm (d) 10cm 


If convex lens of focal length 80 cm and a concave 
lens of focal length 50 cm are combined together, 
what will be their resulting power? 

(а) +6.5 р (b) -6.5D 

(с) -0.75 D (9) +7.5 р 


An electron of charge е is liberated from a hot 
filament and attracted by an anode of potential 
V volts positive with respect to the filament. The 
speed of the electron of mass m when it strikes the 
anode is 

(a) eV? (b) meV 

(c) 42 e/mV (d) J2 eV /m 


At any instant, the ratio of the amount of radioactive 
substances is 2 : 1. If their half lives be respectively 
12 and 16 hours, then after two days, what will be 
the ratio of the substances? 

(а) 1:1 (6) 2:1 (01:2 (d 1:4 


Complete the equation for the following fission 
process 

QUA E n! > uus uU Кт + usu 

(а) ,Xel9 3 n! (b) „„Хе!45 

(с) „Хе! (d) „Хе! + сп! 

The part of a transistor which is heavily doped to 
produce a large number of majority carriers is 

(a) base (b) emitter 

(c) collector (d) none of these 


The following configuration of gate is equivalent to 
OR 





| AND 
[— Y 
G; 
(a) NAND (b) XOR 
(c) OR (d) none of these 


F=uR=uMg 
5 =u x 20 x 9.8 for static friction 


о 


=—— = 0.38 
196 
Kinetic energy of rolling sphere 


= Му? lI 


u 


For sphere, 7 -2м and Rw = v 


Е 2 942521. 
. KE - Mv «(Bun Jo 
zd wl. 7.1.2 
= My +@ Му io M" 
y 
Vom --—-———mum 
3. id 





of 
AA, = va = 0t = Dt, 





Vmax ' Vinax 
Buti=tj + „= oem B 
ê. Dp DA a+B 
maj oy В тах aß 
yt ap 
or max a p 


Tension is force, and surface tension is 
force/length so they do not have the same dimensions. 
The resultant velocity of boat and river 
= 1.0 km/0.25 h = 4 km/h. 
Velocity of river = ge -4° =3 km/h 
Mass (m) = 2 kg; initial radius of the path 
(rj) = 0.8 m; initial angular velocity (@,) = 44 rad/sec 
and final radius of the path (г) = 1 m. 
Moment of inertia, 1, = mr? = 2 x (0.8? = 1.28 kg-m? 
and Г = т2 = 2 х (1)? = 2 kg-m?. 
Therefore from the law of conservation of angular 
1x0 1.28x44 
momentum /,0, = 0, or @ = КЕЛЕ ОЙ. T 
œ = 28.16 rad/sec. 


Using the relation, s = ut + i at^, we have 


h2ucos t — Í gt? = ucos01, 5 gti 


ог ucos@x1-— lxosxr 


zucos0x3- ix98x3 
or исоѕ Ө (3-1) 49x(9-1)249x8 


ucos0- 2X8 = 49x%4=19.6 m/s 


u^cos Ө (19.6 


Max. height -7—5;— = 55955 19.6m 
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mg К = ma 
mg — 1 mg = та 
mg (1-1) =ma,a=g(1-) 

Let T be the tension in the string. Let the bodies 
Band C accelerate downwards with acceleration a. Then 
the body A moves upwards with acceleration a. Therefore, 


for motion of body A per. 
T- mg = ma (i) ^ . 
For motion of body B and C =2 


2mg-T=2mxa ..(üi) . 
Adding (i) and (ii), we get al” 


2 mg — mg = 3 ma or a = g/3. 

For motion of body C mg – T, = ma 
or T, -m(g-a)-m(g-— 8/3) 

T, =2 т13 = 2 x 2 x 9.8/3 

T, = 39.2/3 = 13 N 


F= m= =150x10°)x 20 j^ 30N 


When m, = m,, the ee are just exchanged 
after perfectly elastic collision. 
mv 
Velocity of system = MY 4 5 
т? у? 
2(M +m) 
Applying theorem of parallel axes, 


2 
1=1,+M (ылу - ME. ME. _ 


С mv Y 
К.Е. of system = 1M uu! л |e 


ML , M 7 мыр 


12 16 48° 


20 ^ 
As (9:- T and Т is same, therefore, 0) must 


* o, = 
be same i.e. — =! 


€, 
15. (51° Here, I = 2 kg m?, v, = 60 rp.m. = 1 rps. 
127,U0,-0,t:: 1 min = 60s 
сега 1070) Do 3) 
.2x2m(0-1) m 
vimm qae EE 


Change in potential energy of body is 





_2GMm 2(GM| РР A R 
RSW) чалы 

Horizontal velocity of water flowing out of hole 
u= V2: gh 
Height of hole from ground level = (H — h). The time 
taken by water to cover vertical distance (H — h) can be 
calculated from 
(Н -һу= ge 
Horizontal range, 


К=ш= 42 ghxJ2(H ~h)/g = 24h(H-h) 


ort=2(H-h)/g 
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Horizontal range will be maximum if dR/dh = 0. 
Le, 2x4 (hH Юу x (H -2h)-0 
or Hz2h orh=H/2 

Energy stored per unit volume 


stress = 


1 1 1 
== stress x strain = = x stress х — — = = 
2 Y. 2 


2 
Let L be the length of each side of 9 Initial 
volume = 12, When each side decreases by 1%, new 


gib _99L 
length L'-L- 100 100 
New volume = L^? = (99 L/100)3 


Change in volume, AV = D — (99 L/(100)3 


zi av = i-i) 


3 3 3p 
=р 1-(I-755+- || [5 |- 2L 
| 100 =L [109 |" 100 


[neglecting higher order term] 





Bulk strain = “ae SEE 100 0.03 
h=2Scos0/rpg 

E M TE gg 24410 m.-244cm 
Vrms, © УТ 

Су « dy | О7 +273) _ [300 _ Un 

Orms) VI YG27+273) V600 V2 


г (уг) = Vrms.) V2 = 00042) x V2 = 200 ms“ 
28 4$ 4х0.072 


pnm = 240 Nm” 
"D 12x01 Ф 
23. RD to Wien's law ^. =2 
xd. 


а 

Т, = 1500 + 100 = 1600°С 
= 1600 + 273 К = 1873 К 

Т, = 500°C = 500 + 273 = 773 К 





q-1- i 1783 „1100 
T - 1873. 1873 

n= 155 x100% = 59% 
18/3 


P« Т ог E = constant or PT = constant 


For an adiabatic change, 


PT = constant 

lu 

mil 

When particle is at x = 2, the displacement is 

у =4— 2 = 2 ст. If t is the time taken by the particle to 
go from x = 4 cm to x = 2 cm, then 


=-3 or -3-3y-Yy or 2ү= 3 огү = 3/2 





2 2nt 
y =a cos Ot = а cos ng C MOS p 
PRIME DUI. d 
ог созу HT = 45 = C08 5 
2t 1 ДО 
ог 15 =з 0r t= T =0.25 


Time taken to move from x = + 2 cm to x = 4 cm and 
back again = 2 t = 2 х 0.25 = 0.4 s 

Displacement equation of S.H.M. is y = a sino. 
Therefore velocity (by differentiating it) 


dy HEZ 
(у) = C" awcosa = ao v1- sin? or 
a NEC 
h-2 [2 gt 
= ia nae а-у 


а 





28, (Qi EE 
A cube has six faces. Therefore, electric flux 
comin, 10Р 
g ош from any face = бе, 


Symmetry shows that resultant of three forces 
on unit charge at the centroid of triangle would be zero. 


(-Q) 
Initial PE. at A =v, = dea = 
q(-Q) 
Final P.E. at B -- V, = гот 


Work done = change in РЕ. = У, – У, = 0 

For the same length and same material, 
R A 
R Ay 
The resistance of thick wire, R =10Q. 
The resistance of thin wire = 3R} = 3x 10 = 30 Q. 
Total resistance = 10 Q + 30 Q = 40 Q 

Apply Kirchhoff’s first law. 


=? ог К, =3R, 


The maximum power is drawn from the cell, 
when external resistance of cell is equal to the internal 
resistance ie. R = r + 
E' ЕЕ: 

Rer r+r 2r 





Max. Power Р = 
цок? 


Field along axis of coil В = ——7;—— 
2(R* + x^)" 


‚_ M а; 
At the centre of coil, 5 =b 


B' Mi, p _ (R ety 


B 28° рік R? 
2 3/2 
c в'= ВХ(К tx ) 
_ 54x13) +4 P? _ 54x125 
Gy 27 


ог BY = 250 pT. 


ч 


> Charged particle is undeflecte S 
=> E-yB- 2 x 103 x L5 N/C 23 x 10% МА 





_ My 271 ~ 
38. (с) E C r C 
í TEE IDA р. 
Bo 47x10 
Magnetic moment M = N JA = N Im r i.e. м œ r 
= = зу, (250х10°) 
40. (а: e:= TUI (0.4x107)x O1 
--10? V =-1mV 


Неге, R= 440, L28m H2 8x 102H 
C220uF220x10$F 


1 1 
VLC 8x10?x20x107 
1 — 10 


= =.= - 
bMS TET; 4 2500 rad s 


2B _N2E, _¥2%220 | TS. 
R R 44 " 
Interference in thin films causes colouring of 
soap bubble. 





= 














_1, Ља. (ға GI’ ,. 
Here, 5-33 La, (b-ay G-D — 
пере Lo xls 
аа) 

1 1 JE 
=@5-Ы[®-—1]- 39 от F=20cm 
When plane surface is silvered, f => Б -2 =10cm 

100. 100 _, „< 
R= = Gq =1250 
.100 100 _ 
slt Ра 
P =P, +P, =1.25-2=-0.75D 
eV = ту? ог у= 4/2еУ/т 
No. the half lives :m = È = 4 
248 4. NOD Ny _ а 
лшн 5 Јат теам NDS 
Joy В ol АБ СЕ Е NMa 
N5* МЕОИ, 2D. 9А 


Applying conservation of mass no. and 
Charge no., only (a) is correct 
Emitter is heavily doped. 


Output of С, = (A + В); Output of G, = AB; 
Output of б, = (А + B). A-B = (А+ B) (A+B) 
=AA+AB+BA+BB=AB+BA _ > 
[since A-A = 0, B-B = 0] 
an 
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2nt 2nt 
у = а cos OX = a cos po 4991 
or Luo ы et escas. 
12 a 4 2 3 
2t 1 1.2 
or 123 or t=- 702s 


Time taken to move from x = + 2 cm to x = + 4 cm and 
back again = 2 t = 2 x 0.2 s = 0.4 s 
Displacement equation of S.H.M. is y = a sinat. 
Therefore velocity (by differentiating it) 
dy iy) 
(у) = TRE = а0ү1— іп” or 


—— 
f = 


= аш 1-25 = oya? =y 
a 


28. ic) E=$- 


A cube has six faces. Therefore, electric flux 


3 x10“ 
coming out from any face = 6c 
0 





Symmetry shows that resultant of three forces 
on unit charge at the centroid of triangle would be zero. 





(- О) 
Initial BE. at A = V= ce 
(-Q) 
Final PE. at B= V, = uis a 


Work done = change in PE. = V,-V,20 

For the same length and same material, 
Els ог А, = ЗК 
R A 1 I 
The resistance of thick wire, А, = 10 Q. 
The resistance of thin wire = ЗР, = 3 x 10 = 30 Q. 
Total resistance = 10 О + 30 Q = 40 Q 

Apply Kirchhoff's first law. 

y? 5h R1 

сты or Po oe Saas 2 

The maximum power is drawn from the cell, 
when external resistance of cell is equal to the internal 


resistance ie. R=r 


г? T2 E? 
Max. Power Р = 


КЕРТЕР 27 

iR^ 
Field along axis of coil B — — з, 

UR? + x!) 

Moat 
2K 
B' Mg 2(R^ xy? _(К°+?у? 
B 2R* HoiR? R? 


Вх(Ё? +x)” 


At the centre of coil, B’ = 


. B= y 
_ 54х[(3)° +(4 P? _ 54x125 
(3 27 
or В’ = 250 pT. 


- Charged particle is undeflected 
= E=vB=2x10?x 1.5 МС = 3 х 103 МС 








271 
38. cy: В= fe : 
49 
or 2Br „25505 555 рд 
37 4n x10 
Magnetic moment M = N IA =N In r? ie. м с r? 
3 
40. (d): e 2227 == (04x 10%) x 25010 ) 
=-103 V=-imV 


Here, R= 44Q,L=8mH=8x10°H 
C= 20 F= 20x 10°F 





VLC 8x10?x20x10* 

= 1 — 10^. 9500 rad S 

4x10^ 4 

E, УЗЕ, 42x220 ; 
Me meme А 
=R TR 44 C v2 


Interference in thin films causes colouring of 
soap bubble. 


a 1 lm tay (3+1) 
Here, =» = 2208 EC 
"bo 3° la (b-ay (3-1 











| 1 
pz -Dx- x 
1 1 1 
-as-»(1-35)-4; or F-20cm 
When plane surface is silvered, f — == 2205 =10cm 
100 100 _ 
cm gg 1250 
р —- 100. 100 __>p 
=т= 


Р=Рү+Р,=125-2=-0Л75Ю0 
У = ту? ог у= 4/2еУ/т 


No. the half lives :n =$ =4 


ра Bl xi M. 1). =i 
Hm , 1-0) = 16° №, = 8 
Sore ae р 





Na Nan ЛЮК М; 2 0» 4М; 
Applying conservation of mass no. and 
Charge no., only (a) is correct 
Emitter is heavily doped. 


Output of С, = (A + B) ; Output of G, = AB; 
Output of G, = (А + В). AB =(A+B)(A+B) 


=AA+AB+BA+BB=AB+BA _ м 
[since A-A =0,B-B = 0] 
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Canadian Physics ciated Problems 


DATA 
Speed of light c = 3.00 x 105 m/s 
Gravitational constant G = 6.67 х 107 Nm?/kg? 
Radius of Earth Rg = 6.37 x 10? km 
Mass of Earth Mg 6.0 x 10% kg 


Radius of Earth's orbit 
Aceleration due to gravity 
Fundamental charge 
Mass of electron 

Mass of proton 


Res = 1.50 x 108 km 

g = 9.80 m/s? 

е = 1.60 х 10? C 

m, = 9.11 x10! kg 

m, = 1.673 x 10°27 kg 
Planck’s constant h=6.63 x 10734 Js 
Coulomb's constant 1/47 £ = 8.99 x 10? Jm/C? 


-~ MULTIPLE CHOICE QUESTIONS WITH ONE 
CORRECT OPTION 


1. A child throws a ball toward the front end of an 
approaching train. The collision between the ball and the 
train is perfectly elastic. Let v be the speed of the ball 
with respect to the train and V its speed with respect to 
the ground. If the labels ‘7’ and ‘f’ refer to those speeds 
just before and just after, respectively, the ball hits the 
train, then 

(а) v,=v,and V; < У, 
(с) vj» vrand V; < V; 


(b) v; « and У, < V, 
(d) v; 2 v;and V; > У, 


2. А physics textbook of mass m rests flat on a 
horizontal table of mass M placed on the ground. Let 
N, уь be the contact force exerted by body ‘a’ on body 
‘b’. According to Newton's 3 law, which of the 
following is an action-reaction pair of forces? 

(a) mg and № table —» book 

(b) (m+ M)g and Nay. — book 

(c) Neround — table and Mg + Мок -> table 


(d) N, 


ground — table and Nay, -> ground 


3. Atsome time f, two identical balls, A and B, are set 
rolling without slipping at the same speed from one end 
of two tracks which are identical with the same horizontal 
length, except that track B has a dip in the path of ball B, 
as shown in the figure. The straight portions of the tracks 
are horizontal. Gravity is uniform throughout. Which ball 
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| (a) ballA 
| (b) neither, since both arrive at the same time 





reaches the other end first? A 


oz a NES CNN 


(c) ball B 
(d) ball A, but only if the dip is deep enough. 


4. To a good approximation, Earth and Jupiter move 
around the Sun in circular orbits of 1.49 x 108 km and 
7.79 x 10? km radius, respectively. What is the maximum 
error that can arise in the prediction of solar eclipse times 
(as observed from Earth) on Jupiter caused by one of its 
moons if one fails to take into account the variation of 
the relative position of the two planets? 

(a) 2.6x 103s (b) 3.1 x 10's 

(с) 5.0x 1025 (d) 9.9 х 10? s. 


5. Experiment shows that two perfectly neutral parallel 
metal plates separated by a small distance d, attract each 
other via a very weak force, known as the Casimir force. 
The force, F, depends only on the Planck constant h, on 
the speed of light c, and on d. Which of the following 
has the best chance of being correct for F ? 

(a) F=held? (b) F=hcld* 

(c) F=hd Ic (d) F=d үс. 


6. ‘A simple pendulum of length L with a bob of mass 
m is taken into Earth orbit on the International Space 
Station. Its frequency of oscillation with respect to that 
on the ground is 
(a) greater 

(c) the same 


(b) smaller but non-zero 
(d) zero. 


7. When you turn on a battery-operated portable music- 
playing device, how long must you leave it on for 
electrons leaving the negative terminal of the battery to 
reach the positive terminal if their path lies within good 
conductors? 

(a) a few milliseconds 
(c) afew microseconds 


(b) afew tenths of a second 
(d) afew minutes. 


8. Circuit A is made of resistors connected in series to 
a battery; circuit B is made of resistors connected in 
parallel to a battery. Let P be the power drawn from the 





batteries. As the number of resistors in each circuit is 
increased, 

(a) P, increases and P, decreases 

(b) both P, and P, increase 

(c) P, decreases and P; increases 

(d) Р, апа Pg remain the same 


9. According to a simplified but still useful model, the 
drag force due to air resistance on a moving car goes like 
the square of the car's speed v. Suppose that the maximum 
speed of a car is limited only by this drag force. If the 
power of the car’s engine were increased by 50%, the 
top speed of the car would increase by about 

(a) 5096 (b). 15% 

(c) 22% (d) 30% 


10. A projectile is launched with an initial velocity v, 
with vi, and v, the horizontal and vertical velocity 
components, respectively. When is there a point on its 
trajectory after launch where its velocity is perpendicular 
to its acceleration? 

(a) always 

(b) only if v+ 0 and vj, points upward 

(c) only ifv.. + 0 

(d) always, except if v.. = 0. 

11. Three charged conducting metal spheres, of radius 


R,, Ry, and Кз, are connected together by wires. Let 
R, < R, «Rs. At equilibrium, which of the following sets 


of relations involving the electric field strength E | 


generated by a sphere, its potential V, and its charge Q, 
must hold between the spheres? 

(а) = У = V3, t< E< E, Qi «Oo < 03. 

(b И = У = V3, E; > E> E3, Q; < Q< Q3. 

(с) Vi < V< V3, E< E< E; Qi = Q) = Qs. 

(d) V> V> V} E < E< E, Qi > Q> Qs. 

12. A ball of mass m attached to an inextensible string 
of length R in swung around a vertical circle just fast 
enough so that the string is always fully stretched. Let 
AT denote the difference between the tension in the string 
at the bottom and at the top of the circle, v, and v, the 
speed of the ball at the bottom and at the top, respectively. 
Then, taking dependence to be with respect to a set of 
independent variables, 

(a) AT is independent of R, v, and v, 

(b) AT is independent of R, but depends on v? xv? 

(c) AT depends on R, but on neither v, nor v, 

(d) AT depends on R, and v? x v? 





13. Anobject of mass m hangs motionless from a vertical 

spring. When the object is pulled down to a new rest 

position, the total mechanical energy of the system 

(a) increases (b) remains the same 

(c) decreases 

(d) may increase or decrease depending on the new 
position. 


14. As more and more negative electric charge is being 

brought to a conducting sphere, inside the sphere 

(a) the electric field and potential increase 

(b) the electric field stays constant and the potential 
increases 

(c) the electric field stays constant and the potential 
decreases 

(d) the electric field increases and the potential decreases. 


15. A static magnetic field of about 0.01 T in strength 
can erase data on the magnetic strip of a credit card. What 
would be roughly the minimum diameter of a Iong straight 
wire carrying a 100 A current for which your card would 
be safe no matter how close you take it to the wire? 

(a) 0.2 mm (b) 1 mm 

(c) 2mm (d) 4 mm. 


16. A string of length L is composed of two segments of 


| equal length. One segment has linear mass density € , and 


the other є, + € |. One segment is tied to a wall, and the 
string is stretched by a force, applied to the other segment, 
which is much greater than the total weight of the string. 
If T, is the tension in the г“ segment, and v; the speed of 
a transverse wave propagating along that segment, 

(а) v =v, and Т = Т, (b)v,zwand T,=T, 

(c) v, =v, and Т #7, (d) v у, and Tj z T; 


17. A perfectly straight portion of a uniform rope has 
mass M and length L. At end A of the segment, the tension 
in the rope is T4; at end B it is Ty > T4. The tension in the 
rope at a distance L/5 from end A is 

(a) Tg x T, (b) (Т, + T9/5 

(c) (47, + Тр)/5 (d) (T4 x Т»)/5. 


18. Two spheres are identical except that sphere A is 

white whereas sphere B is black. After they have been in 

thermal contact long enough with each other and their 

surroundings, in the visible range, 

(a) A radiates less than B 

(b) Both emit the same amount of radiation 

(c) A radiates more than В 

(d) Aradiates more than B only if its temperature is high 
enough. 


19. An aircraft bound for Vancouver and coming from 
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Montreal is flying due west. Its body and wings are 
covered in aluminium. At some point on its flight path, 
the Earth’s magnetic field points north and downward. 
The point on the plane’s exterior which is then at the 
highest potential is 

(a) the nose (front) (b) the tail (back) 

(c) the tip of the right wing 

(d) the tip of the left wing 


20. You are on the shore of a canal of uniform width d 
and want to reach a point a distance L > d away along the 
other shore as quickly as possible. To achieve this, you 
first run along the shore at constant speed у}, then jump 
in the canal and swim directly toward your target at 
constant speed v, < vj, both being your maximum speeds. 
The water in the canal is motionless. The angle of your 
trajectory in the water with respect to the shore must obey 


(b) соѕ0 = Jv;/v? ««1 


(d) cos0 = v/v}. 


(a) cos0 = v/v, 
(c) cos0 = 1 << d/L 


21. Exactly half of a rectangular conducting loop lies in 

a uniform magnetic field perpendicular to the plane of 

the loop. At some point in time, the magnitude of the 

magnetic field starts rapidly decreasing. While this is 

happening, which of the followings statements most 

accurately describes the effect on the loop? 

(a) The loop is pulled into the magnetic field 

(b) The loop is pushed out of the magnetic field 

(c) The loop starts rotating 

(d) The behaviour of the loop cannot be determined 
unless the direction of the magnetic field is 
completely specified. 


22. Two otherwise identical spaceships have different 
solar sails: sail A is a perfect reflector, sail B is a perfect 
absorber. Each starts at the same distance from the Sun 
and travels radially outward. Let Ap, and Ар» be the 
momentum gained by the ships after travelling equal 
distances. Then 
(а) Ap, = Aps 

(с) Ap, < Арв 


23. If there were only one transmitter, and you were 
separated from this transmitter by the many tall buildings 
to be found in downtown Toronto, spaced about 30 m 
apart on average, with which of the following would you 
be most likely to experience dead spots (places with very 
poor or no reception)? 

(a): AM radio stations (frequency 1 MHz) 

(b) FM radio stations (frequency 100 MHz) 

(c) cell phones (frequency 1000 MHz) 


(b) Ap,» Apg 
(d) Ap, = Apa z 0. 
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(d) all of the previous equally. 


24. А horizontal cathode ray tube (CRT) is set so that its 
electron beam produces a spot of light at the centre of 
the screen when no external electromagnetic field is 
present. When you look straight at the screen, however, 
you discover that the spot, instead of being at the centre 
as it should, is shifted a bit to the right. Suspecting what 
the cause of this deflection may be, you rotate the CRT 
by 180° around its vertical axis. Facing the screen, you 
find that the spot of light is still shifted to right of centre 
by the same distance as before. You conclude that the 
CRT is immersed in 

(a) anelectric field directed horizontally to the left with 
respect to the screen’s initial position 

an electric field directed horizontally to the right with 
respect to the screen’s initial position 

a magnetic field directed vertically upward with 
respect to the screen’s initial position 

a magnetic field directed vertically downward with 
respect to the screen’s initial position 


(b) 
(c) 


(d) 


25. Light rays from a very distant source travel along 
the + x direction. Two identical thin lenses with focal 
length f > 0 and their optical axis along x, sit, one at 
х= 0, and the other at x = d < f. Where do the rays focus? 


f(f +d) - 
(DIM S edid Ы 44 LL 

ff —4) f 
© 4+ху+д D 4*gr-; 





Problem 1 


A magnetohydrodynamic 


(MHD) generator is a device ©. Qs d 
that converts part of the kinetic o re l 
energy of a streaming hot gas — 


into electrical energy. At its 
operating temperature of between 2000 and 3000 K, the 
gas is readily ionised. As schematically shown in the 
figure, the ions and electrons enter a region between two 
electrodes (here, parallel conducting plates of area A 
separated by a gap d) in which a uniform and constant 
magnetic field B has been set up, pointing straight out of 
the page. Their initial velocity v is parallel to the plates. 
A resistor R is connected to the plates. The magnetic field 
is strong enough that many charged particles will hit the 
electrodes and charge them before they can exit. This 
creates a time-varying potential difference V between the 
plates. 





(a) On a diagram, display all the forces acting on a 
positive ion at some generic position between the 
plates. Use your diagram to show that the ion 
experiences a braking force as soon as its velocity 
has a component transverse to the plates. 

(b) Then, a crude approximation, assume that any 
electric field E arising from the process is uniform 
everywhere between the plates. Assume also that the 
transverse component of the velocity of the charges 
remains everywhere much smaller than its 
longitudinal component, and that the latter therefore 
is pretty uniform. The gas obeys a generalised Ohm's 
law, according to which J = с (E + v x B), where J is 
the transverse current density between the plates and 
С is the conductivity of the gas. 

Obtain an expression for the current / flowing 
through the resistor in terms of v, B, and R. 

(c) Derive an expression for the output voltage V that 

does not explicitly contain R. 


Problem 2 

A 1000 kg satellite is orbiting the Earth at an altitude 

of 400 km. It receives electrical power from a solar panel 

of area A = 10 m?. At this altitude, Earth's atmosphere 
is very tenuous, with a density р = 107}! kg/m}. 

Nevertheless, over time, the friction force generated by 

collisions of the molecules and the panel might cause 

the satellite to lose altitude. 

(a) Assume that in such collisions, the molecules 
become embedded in the solar panel. If the satellite 
is moving at speed v, find an expression for the 
maximum retarding force on the solar panel in terms 
of p and of the radius of the satellite’s orbit. Make 
any other reasonable assumption. 

(b) Estimate how much altitude the satellite might lose 
over one week because of this friction. If you make 
assumptions, do not forget to justify them briefly. 

(c) Somebody claims that as the satellite loses altitude 
it also loses speed because of the friction. Comment 
briefly. 

Problem 3 


In a mood for some physics as you look at a sailboat ona | 


lake, you wonder about its stability when a strong wind 
blows from the side. The sailboat leans over in the wind 
and the question in whether its keel can prevent it from 
being blown over completely. 

Analyze the stability of the sailboat using the following 
oversimplified model. 

Consider the hull of the sailboat as an straight hollow 
cylinder. On top of this cylinder and perpendicular to it 


sits a mast carrying a square sail, assumed to be always 
paralle! to the length of the hull. Attached to the bottom 
| of the hull is a keel in the shape of a square always parallel 
| to the sail. A heavy lead weight forms the bottom of the 
| keel under water. Other than the lead weight, consider 
| mast, sail, hull, and keel to be weightless. Somewhat 
unrealistically (it would make tacking difficult), you can 
| also assume that the sail extends all the way from the 
| bottom to the top of the mast. 
| (a) Establish a relationship between wind speed and the 
| angle 6 the mast will tilt away from its initial upright 
position when a wind with speed v blows 
perpendicular (initially) to the sail. Other assumptions 
may be made so long as they are explicity stated and, 
as much as possible, justified. 
In this simplified model, is this boat stable in all wind 
speeds? Since you may not be able to find a general 
solution for the angle Ө as a function of v, you are 
welcome to obtain solution valid only for small 0 or 
for large Ө. The expansion (1 + x)" = 1 + nx +... for 
x << 1 may be useful. 
(b) The following data, lossely based on the Catalina 
| Capri 16, are given for a small sailboat. Area A of 
| sail is 12 m?, mass M of lead weight 190 kg, depth d 
of keel below water level, technically known as draft, 
0.75 m, height Л of mast 6.6 m, specific gravity of 
lead, supposed to be the part at the bottom of the 
keel that acts as.a stabiliser, 11.3. Also, air density is 
1.2 kg/m}. 
With these date, at what wind speed will 0 be 30?? 
60°? 


ИШЕНЕТ ПТ 





l. (a) : In elastic collision, linear momentum is 
conserved. 
Now considering momentum of ball with respect to train, 
р;= ту, p,-mv, 
т is mass of ball. 
PiE Pp cogmv-mw, viv 
Now considering momentum of ball with respect to 
ground. 
| p,-mV,; p,- mV, 
To find V. we use the relation, 
_ (m -m Jih R 2т»›и„ 
© т+т, mm, 
| т, = т (mass of ball) 
т, = M (mass of train) 
u, = V, (initial velocity of ball with respect to ground) 
и, = V (initial velocity of train with respect to ground) 
v, = V. (final velocity of ball with respect to ground) 


f 1 
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= (m — MV, 4, 2mV 
f m+M  (m+M) 


it is clear, V,» V, i.e. 


Hence option (a) is correct. 


N table — book 






2. (d: 


ground|» table 


(M + m)g 
is action, then its reaction must be 


If N 


ground—table 
table ground" 

^ (с): Speed of ball A remains same throughout its 
path but speed of ball B increases as it falls through the 
dip. As speed of ball B increases, its will take less time 
than A to reach other end. 

4. (d) 

5. (a): Fem cha 

F=kh с? а 

where k is a constant. 

[F] = [АЛ [c]^ [d]* 

ML T? = (ML? T-!*. (LT-!)? (L) 
MLT2z2Me$.]I?9*5*c T-2-5 
Equating power on both sides, we get 


2a+b+c=1 

-a-b=-2 

From (ii) & (iv), -1 -b- —2; 
1+6=2: 

From (iii), 2a + b +с= 1 

or 2х1+1+с= 1; 2+1 +с=1 


c=1-1+2;[e==2] 


Put value of a, b and c in (i) we get 


mS 
Кек? 


...(ii) 

... (iii) 

...(iv) 
– (1+р) = – 2 


Е= кр cl. 12; 
he 


Hence, the best change of correct Fis F = 


n 


6. (d): Time period of simple pendulum, T = 27 1 
VE 


Frequency of simple pendulum, v= 3. Г 
g = 0 at International space station 
^A v=0. 
7. (d) 


8. (c): Circuit A: Let n equal resistors R are connected 
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in series to a battery V volt. 
Equivalent resistance in series, R,-nR 
" 1 y? y? 
Power of circuit Ais P, = — = — 
^ R, mR 


2l «Xd 
P, nR 1) 


Circuit B : Let n equal resistors are connected in parallel 
to a battery. 
Equivalent resistance in parallel 


...(ii) 
1 
Now, Рд <, and Pe n 
n 
As n increases, P, decreases and Р, increases 
Hence, option (c) is correct. 


9. (b): Drag force due to air resistance, 
Foy 
where v is top speed of car. 
Е = КЮ? .. (1) 
where k is a constant. 
Now, power of car engine, P = Fv, 
using (i) 
Кыа КУЗ 
Taking log both sides we get log Р = log k + 3log v 
On differentiating we have, 


4 -dP=0+34dv; „3. = 50% = 32| 
v yo ry 


P 
м = 
aa = 16.6% (max). 


Hence, top speed of car may increase by 15% 


(given) 


+ P -kv 





0 у 


їх 


y,, remains constant through the journey. 

ie v, #0; Vj always points (v, = 0 at max height) 
vertically upward and g always acts vertically downward. 
Hence, option (b) is correct. 








С, = 4n£, К, 

C, = 4ле К, 

After connecting the wires, the system of spheres acquire 
a common potential. (V) 

іе. V= V =V, =V} Now С, = ОУ 











ATE R,-: OV 
ANE, ATEn ANE, 
Q=- Rs 0, = y №: О; = yp R 
As R,<R,<R, 
Q, < Q, <Q; 
А _ КО | Q, ATER | — Алел | 
UABRIIITE ауы = Б =К- 7 Phe i cR. 
1 
Eas 


t.e. smaller the radius, higher the electric field with 
common potential 
E > E> E 
Hence, option (b) is correct. 
12. (a): ¥, = Jrg 
v, = J5rg 
T,=0 
Т, = 5mg 
Change in tension, 
AT=T, - T, 
AT = 5mg – 0 
AT = 5mg 
AT is independent of R, v, and y, 





] 
13. (a) :Work done by spring — 5 кх? 


Mechanical energy of spring- 
mass system in (b) goes on 


increasing with the elongation T 

x 

X. (a) + 
14. (с) (b) 


15. (d) : Magnetic field at P due to a long straight wire 
carrying current J, is 








-1 
pale .21 99-10 x 2100 
47 r r 
5 
> 10° 2x10 
r 
-5 
= 2x10" ууш 
10 
r=2 mm 


.. diameter of wire, d = 2r; d = 4mm 

16. (b) :Tension on the string strictly depends on value 
of external force applied on it here, external force F is 
constant and very large. Hence, T, = T,. 
Further, we know 
that, velocity of 
transverse wave on 
string is given by 






—L/2—5—— L/2 - —* 








ra 
vy=,/— 
€ 


where є is linear mass density. 
puis Datos i s 77, 
ye and 2 Ve, Ase,#€, 
v x V, 
17. (c) :Mass of rope - M 
Length of rope = L 
For entire rod AB, T,-T,-Ma ...(i) 


3 M {L\ 
Atpoint P, T-T,= T (E) 


LIS ALIS 
rre RR 
“А А Ж фр В Тв 
Т-Т, = а 
T-T,=2{T,-T,] using (i) 


22 A 15 AT, 
D TEL C aia MEI Am va 
r= TA TT) 
5 


18. (a) ʻA black body is a perfectly absorber as well as 
a perfectly radiator. 
Therefore, Body A radiates less than body B. 


19. (c) : Magnetic field at nose and tail of aircraft is 
zero. Magnetic field at right wing of aircraft (В р) is greater 
than magnetic field at left wing of aircraft (B,) 

B,» B, 
Hence, right wing of aircraft is at higher potential than 
its left wing. 






Vancover 
(West) 
ei е; <— Montreal 
Nose B= 0 (East) 
Tail B=0 


20. (a) :1а10= 7 
Given that: у, < у; 


Ө is small 





21. (a) 
22. (b) :Perfect reflector spaceships suffers greater 
change in momentum than perfect absorber spaceships. 


Le Ap,» Ap. 
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23. (с) 24. ie 
25. (d) : Iff” is equivalent focal length of combination, 
then, 





A Ed 

л, 

M A 

Joss 
[E j 
i "i x=0 j 3 -d 
—— 
2 
=; L 
(2f -d) 
| 1 
Now, using lens formula for equivalent lens 7 7 mia F 
T1 1 |. 2f -d 
y со ВС T f 
(2f -4) 
2. f? 
f 

Hence, the rays focussed at a distance | 4 *'Of-4) 
from x = 0. í 
Problem 1 


(a) In the figure below, the electric force Fg and the 
magnetic force Ер on the ion are displayed. The resultant 
net force F has a centripetal component (perpendicular to 
the trajectory), which does —  —————————————— 

not change v, and a 
tangential component 
opposite v which slows 
down the ion. сету E OT Ет 
(b) Assuming that v remains approximately longitudinal, 





in a first approximation the transverse current density is | 


Ј= 6 (B-E) 


Since the potential difference V between the plates is 


equal to Ed as well so to RI, we can write the current 7 as 
I= ЈА = Ao(vB – IR/d) 
Solving for I gives 
I= vBd 
d/GA+R 
(c) Since У = RI, we can solve for RI in the next-to-last 
equation and obtain 


V = yBd —Id/oA 


Problem 2. 
(a) The force on the panel, or the rate momentum 


change, is equal to the product of the number of molecules | 


that strike the panel per unit of time with the change of 
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momentum of individual particles when they collide with 
the panel. Since the molecules are absorbed, they come 
to rest and the change is equal to the incident momentum 
itself. 

If и is the number of molecules per unit volume, the 
number that strike the panel per unit of time, or flux, is 
equal to the product of n with the surface A of the panel 
and the component of the molecule's velocity 
perpendicular to the panel. The momentum of an 


| individual incident molecule perpendicular to the panel 


is its mass m times the component of its velocity 
perpendicular to the panel. Since nm = p, the mass density 
of the molecules, this gives F = pAv’, with v the average 


| speed of the molecules with respect to the panel, when 
| the flux is perpendicular to it. 





We assume that this average speed is that of the satellite 
in its orbit, ie we neglect the intrinsic motion of the 
molecules, whose average speed with respect to the Earth 
is an order of magnitude lower than the satellite's speed 
(~ 7 km/s.) Then, with r the orbital radius of the satellite, 
Е = pAo?r 
= pA(AT?/T2)r 
= pA(GM/P)r 


= |pAGM /r 
(b) The rate what which energy is lost because of this 
retarding force is P= ЕЁ. v =— For. Again, from Kepler's 


third law, о = VGM /r?, and we obtain 


P - -pA(GM 1 y? 


(T is the period of the orbit) 
(Kepler's third low) 


| To find the resulting rate of change in radius, we observe 


that the total energy of the satellite is E =~ GMm/2r. If 
we calculate AE = E, — E, corresponding to Ar = r3 — ri, 
we see that if we can assume that Ar << ri, гу, then we 
can approximate r, = гү = ғ, so that AE = (GMm/2r^)Ar, 
from which immediately follows 
Ar = (2r°/GMm)PAt 

so long as we can assume that the rate of energy loss is 
small and constant on the time scale of interest. 
Combining with the second boxed equation above yields. 





Inserting numbers and Af ~ 6 x 10? s (a week), gives 


(Ar = 6 km] 


The answer is consistent with out assumption of reasonably 
slow orbit decay, but it also shows that the satellite would 
not stay very long in orbit unless it gives itself a small 
compensating boost quite often. 


Problem 3. 
(a) Similar to problem 2, the initial force exerted by the 
wind on the sail is F = pAv?, Vat " 

-4 Vind 
where p 15 air density, A the 
area of the sail, and v the wind eae 


speed. 
When the mast is tilted at angle @ with respect to the 
vertical, the component of the force perpendicular to the 
sail is pAv cos?0. This force exerts a torque about the 
hull, with moment arm th cosO. The total torque of the 
wind force is then 

= 1 oan? cos? 0 


2 
A counter-torque is provided by the lead mass at the 


bottom of the keel. We should take into account the | 


buoyancy of the lead. If M is the mass of the lead, then 
its net weights is (1 — Pwater/Pieaa) M g. The moment arm 
is d sinO, so that the opposing torque from the keel is 


Ti -(1 -Pas ju gdsinO 


lead 
Imposing the condition for equilibrium, t, = T} and 
solving for v, we obtain 


1/2 
1 — Pwater | od sin® 


lead 


рАћсоѕ? 0 


where 0 is not the equilibrium angle. 
Writing the answer in this form makes it easy to check 
that dimensions are correct, since the denominator in the 








bracket is obviously a mass, and it is well known that v 
has the same dimensions as Jed 
Let us rewrite the previous expression after inserting 
cos? = 1 — sin?0. 

В? 


(1—sin?^0y =- 2 sin? 
Ж 





PERAN 
211 — Бае 1M gd 

ku J 

pAh 
This is a cubic equation which is not that easily solved if 
you don’t have a good calculator or a computer at hand. 
Nevertheless, one can look at the small angle solution 
using the binomial expansion (1 — ѕіп20)° = 1 —3 sin?0. 
Then, in the limit of small 0 angles, 
1 

(3 + B7/v*) 
One sees that Ө increases smoothly with у, as expected. 
In the large-angle approximation, for 0 approaching 90°, 
it is best to recast out result for v in terms of соѕӨ. 


n 16060 __1 Е Ж 
Bp (cos? (60810) 7 (cos? Ө)? in the limit of large 6 


where B= 


sinü = 


Then we get immediately sin0 = ./| —(B?/v*)'? 

This is seen to approach 1 smoothly more important, there 
exists a solution. Thus, the range 0 € v < œ maps smoothly 
to the range 0 < 0 < 90°, so that equilibrium can be 
maintained at any finite speed. 


(b) Inserting the date yields for 0 = 30? and 


v= 13.6 m/s| for Ө = 60° 
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Thought Provoking ——— 
Problems п Electronics - 


An npn transistor in a common emitter mode is used 
as a simple voltage amplifier with a collector current 
of 4 mA. One terminal of an 8 V battery is connected 
to the collector through a load resistance А; and 
to the base through a resistance Ар. The collector- 
emitter voltage ск = 4 V, base - emitter voltage 
Vgg = 0.6 V and the base current amplification factor 
Bac = 100. Find the values of R, and Ар. 








In circuit shown in figure, the base current 
1575 pA, baseresistor K»= 1 X 105 Q, collectorresistor 
Rc= 1.1 x 10? Q, the collector current J; = 5 mA and 
dc voltage in the collector circuit Veg = 6.0 V. Can 
this circuit be used as an amplifier? 





A silicon diode is connected to a resistor R 
and a battery of voltage Vp as shown in figure. 
The knee point of its Z-V characteristics is 
0.7 V. Assume that the diode requires a minimum 
current of 1 mA to attain a 
value higher than the knee 





point. Also assume that the $£ A 
voltage У асгоѕѕ the junction 

is independent of the current = 

above the knee point. уз 
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j ^f EN | 
4 
А 7“ Z / 
£ b: A 
"^ f 
РА 
f 


pe 


an rE 
By : Prof. Rajinder Singh Randhawa* 

(a) If V4 = 5 V, what should be the maximum value 
of R so that the voltage V is above the knee point 
voltage? 

(b) In V5 5 V, what should be the value of R in order 
to establish a current of 5 mA in the circuit? 

(c) In V3 = 6 V, what is the power dissipated in the 
resistor R and the diode when a current 5 mA 
flows in the circuit? 

(d) If R = 1 KQ, what is the minimum voltage V; 
required to keep the diode above the knee 


point? 


A semiconductor has an electron concentration 
of 8 x 10? cm? and a hole concentration. of 
5x I0? cm 3, 

(a) Is the semiconductor n- or p-type ? 

(b) What is the resistivity of the semiconductor? 
Given, electron mobility (Jj) = 2.3 x 10^ cm? V35! 
and hole mobility (рь) = 100 cm?V !s !. 


When the plate voltage of a triode is increased from 

230 V to 250 V. The control grid voltage is changed 

from —3 V to —3.4 V to maintain the constant current. 

If the plate resistance at this point is 5000 Q, find 

the amplification factor (р) and mutual conductance 

The base current of a transistor is 105 pA and 

collector current is 2.05 mA. 

(a) Determine the value of P, J; and a. 

(b) A change of 27 pA in the base current produces 
a change of 0.65 mA in the collector current. 
Find Bac? 


The circuit shown in figure 
contains two diodes each with a 
forward resistance of 50 € and 
with infinite reverse resistance. 
It the battery voltage is 6 V, 
find the current through the 
100 Q resistance. 





бу 1000 


The saturation current density of a P-N junction 
germanium diode is 250 mA/m? at 300 K. Find the 


Randhawa Institute of Physics, S.C.O. 208, First floor, Sector-36D, Chandigarh. Email : randhawainstitute physics @ yahoo.com Ph : 0172-2620699, Mob : 09814527699. 


voltage that would have to be applied across the 
junction to cause a forward current density 10° Am? 
to flow. (Boltzmann's constant k = 1.38 x 10723 J/K). 


An audio signal of 10,000 Hz modulates a carrier 
generated by a tank circuit comprising of a capacitor 
of 1 x 10? F and a coil of 10 x 10-5 H. Find the 


frequency of side bands. 








I 
As By. Ip= = 
Ba. 77 „=з 100 
*. Усс = potential drop across Rg + Veg = I5Rg + Ирк 
"ЁБ „а р 809) 2 =1.85х100 
Ig 4x10 
Also, from fig., Vcc = potential drop. across А, + Vc 
7 IcR, + Veg 
R Veo -Vor 
; i, 
R, = = -:1000 О 
10° 


As we know that, a transistor circuit can be used as 
an amplifier if the emitter-base junction is forward- 
biased and the base-collector junction reverse 
biased. Applying Kirchhoff’s loop rule to the loop 
ABEDFGHKA, we have 

Voc = Vgg + Кр (Vee — base emitter voltage) 

Vor = Усс IgRg = 6 – (5 х 109 x (1x 105 = +1 У 
Again apply Kirchhoff’s law to the loop EDFGHCBE, 
we get 

Vec = Veg + IcR:. > Veg = Vec- IcRc 

Vor =6—-(5 x 103) х (1.1 x 10) 2--0.5 V 

The collector is + 0.5 V w.r.t. the emitter and the 
base is + 1.0 V w.rt. emitter. So that the base is 
(1 — 0.5) =+ 0.5 V w.r.t. collector. 

-. Both the emitter-base and base-collector junctions 
are forward-biased. Hence the circuit cannot be used 
as an amplifier. 


(a) Let V, — Voltage across resistor 
V.— Voltage across the junction diode. 
Then, Vz = Va + V. 
Vr = Vg- V=5-0.7=4.3V 

fom Ohm's law, V, = IR. Since V, is fixed, when J is 
minimum (Znin), R should be maximum (R,,,,), such 
that 
R..—43V 
- = =4,3x10°Q 

1x107 A 
(b) Now V = 0.7 V as in part (a), since it is 








independent of the current above the knee point. 





Also V; 25V 
Я Vr =Vg—-V=5-0.7=43V 
4 
But; eu. E ; 860 
I 5x10^ 
In this case, Vz = 6 V, But V.— 0.7 V (as before) 


(c) 
* Ve=6-0.7=353V 
As we know that power dissipated equals current 
times voltage. The current in the circuit is 
1= 5 тА. 
Power dissipated = V, x = 5.3 x (5 х 10?) 
= 26.5 mW. 
and ће power dissipated in the diode is 
=1x V=(5 x 1053) х 0.7 = 3.5 mW. 


(d К= 1 kQ = 1000 Q. To keep the diode above 
the knee point, a minimum current of 
Tin = | MA = 10? A must flow in the circuit. 
-. Minimum voltage V required is; V; = Im XR + V. 
=(1 x 10°) x 1000+ 0.7=1+0.7=1.7V. 
(a) Since the electron concentration is higher than the 


hole concentration, it is an n-type semiconductor. 
(b) The resistivity of semiconductor 


e(ng, +n Uy) 
Si cR eae ag — М... 
© (16x10 8x10? x 2:34 5x108 x 1x10] 
ei 
~ 29.44 
р = 3.39 x 102 Om 


n, 7 


2 


T1 
Ihe power of 
the waterfall is 


nothing 
but a lot of drops 
working together 


-Anon 


Р, \ 
n aw 
Pih" 
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^. We know that р = ie] 
8 7i 





а 1S const. 


Here 0V, = 250 — 230 = 20 volts Ру 1500 
9V,-3.4-30-04V 
20 500 
E =——=50 
AD 0.4 6V 1000 
u 50 1 е; 
=-—=——=—=10 mho 
Sm, 5000 100 
(a) pate = 209XID 5 
Ig 105x10 


Now, Ig = Ip + Ic = 105 x 10% + 2.05 x 10? 
= 2.155 x 103А = 2.155 mA 


B::-— or 19.51-о)=@ 
l-a 


Solving, we get |œ = 0.95] 
a 0.65x10 ^ 0.65 


Ein x10? = 24.07 
27x]0 9 27 


(b) Bac = 


Diode D, is forward biased and offers aresistance of 50 
Q. Diode D, is reverse biased and as its corresponding 
resistance is infinite, no current flows through it. 
Now the equivalent circuit is shown in figure. As all 
the three resistances are in series, the current through 


them is 7 = ::0.02A 


(50 +150+100) 2 
AG 
As we have Г = Г. gne | 


For Ge, n = 1 
Put тү = 1 and dividing both sides by area, 


= vid -1) > 7 2s (et -1) 


Given Js = 250 x 10? Am?, J= 10° Am? 
gre pe ua D se aqui 
Jg 250х107 
=log,(4x10°) 212.9 
. 129xl. 728 
ep аше x 300, s 
1.6x10° 
9, Urt E ны ишини Щщ 
2n4LC 2ухз.14х\(10х107®ух (1x10) 
0с = 1592 kHz 


Freq. of side bands = (1592 + 10) = 1602 kHz 
and (1592 — 10) = 1582 kHz. 
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If e is the charge, V the potential difference, T the 
temperature, the units of eV/T are the same as of 

(a) Planck's constant (b) Stefan's constant 

(c) Boltzmann constant 

(d) gravitational constant. 


A circular railway track of radius r is banked at angle 

0 so that a train moving with speed v can safely go 

round the track. A student writes: tan@ = = 

Why this relation is not correct? е 

(i) equality of dimensions does not guarantee 
correctness of the relation 

(ii) dimensionally correct relation may not be 
numerically correct 

(iii)the relation is dimensionally incorrect 

(а) (1) and (ii) (b) (ii) and (iii) 

(c) (iii) and (i) (d) (1), (1) and (iii) 

A quantity is represented by X = AM"L'/T. The 

percentage error in measurement of M, L and T are 

a 96, B 96, y % respectively. The percentage error in 

X would be 

(a) (aa + Bb + yc) % 

(c) (aa — Bb — yc) x 100% 


(b) (aa — Bb + yc) % 
(d) none of the these 
If i, j and & are unit vectors along x, y and z-axis 


respectively, the angle 0 between the vector і + j +k 
and vector i is given by 


(a) 9-е —- 


(с) Ө=соз ($) 


(b) 9=sin (=| 

Уз, 
(d) 9—sm" ($) 

Du. 

Figure shows the v- graph for two particles P and 
Q. Which of the following statements regarding their 
relative motion is true? 
Their relative velocity 
(a) 1s zero 
(b) 1s non-zero but constant 
(c) continuously decreases 





(d) continuously increases. 
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A point traversed half of the distance with a velocity 
vo. One portion of remaining part of the distance was 
covered with velocity v, and second part by velocity 
v; with equal time interval /. The mean velocity of 
the point averaged over the whole time of motion is 


(a) Vy FY, FY; (b) 2v +v tv, 
3 3 
(c) у t 2v *2v, (d) 2w m * v.) 
3 (2% +v +v) 


The deceleration experienced by a moving motorboat 
after its engine is cut off, is given by S 

where k is constant. di 

If vg is the magnitude of the velocity at cut-off, the 
magnitude of the velocity at a time ¢ after the cut-off 
is 

(b) vge* 


(d) Vo- 


Vg 
@) ду} kt +1) 
(c) wy2 


- A rectangular box is sliding on a smooth inclined 


plane of inclination a. At z= 0, the box starts to move 
on the inclined plane. A bolt starts to fall from point 
A. Find the time after which bolt strikes the bottom 
surface of the box 





far 


(а) V gcosa 


(c) (2) 


21 
(b) (5) 


(4) (3) 


. Thegiven thing construction consists of two rhombus 


with the ratio 3 : 2. The vertex 4; moves in the 
horizontal direction with a velocity v. The velocity 
of A, is 











(а) 06v  (b)07v 


(c) 3v 


(d)2 v 


^. A boy playing on the roof of a 10 m high building 
throws a ball with a speed of 10 m/s at an angle of 
30? with the horizontal. How far from the throwing 
point will the ball be at the height of 10 m from the 
ground? 


2 


g =10 m/s’, sin 30° = — 5700830? = 


(а) 433m (b)260m (с) 8.66m ae 5.20 m. 


A body of mass m is thrown upwards at an angle Ө 
with the horizontal with velocity v. While rising up 
the velocity of the mass after / seconds will be 


(a) J(vcos8)? + (vsin0)? 

(b) ,/(veos@ — vsin6)? — gr 
(c) Jv? + 6202 — Qvsin Ө)рт 
(d) Jv? + g’? — Qvcos)gt . 


^. What is the maximum value of the force F such that 


the block 24 in the arrangement does not move? 





(Given р = —=) 
i 
R 
F 
F cos60 
W = 10/3 
(a)20N (b)10N (с) I2N  (d)]5N 


A particle of mass m is 

suspended from a fixed О 
point О by a string of length 
R. At t = 0, it is displaced 
from equilibrium position 
and released. The graph, 
which shows the variation 
of the tension T in the string 


with time 7, may be 








(© o 


i 


$. A simple pendulum is vibrating with an angular 


15. 


16. 


17. 


amplitude of 90° as shown in the given figure. For 
what value of a, is the acceleration directed? 

(i) vertically upwards (ii) horizontally 

(iii) vertically downwards 





{ 
а) 09,cos'! i ‚90° (b) 90°, cos! яя ,0? 
e 45 (b) UB 
T4 | > ] 1 o o 
(c) сов [7 |, 0°, o (d) cos (os 1,% ‚0 
V3) V3 j 


A force F = Ау? + By + C acts on a body in the 
y-direction. Find the work done by this force during 
a displacement from y = — a to Wr a. 


2 Аа? 
(а) (5 2 





S gh 





Ba? : 
+1 
2 





(d) none of these. 


А 1 kg ball moving at 12 ms"! collides head on 
with 2 kg ball moving with 24 ms! in opposite 
direction. What are their velocities after the collision 


if e- 2? 
(а) v, =— 28 ms, v; =— 4 ms! 
(b) у; 2 - 4 ms", у = – 28 ms! 


(c) v, = 28 A уз = 4 ms"! 
(d) v, = 4 ms, у, = 28 ms”! 


A 0.01 kg block collides 
witha horizontal massless 
spring of force constant k 
= 2 N/m. The spring get 
compressed by 0.4 m. If 
the coefficient of kinetic 
friction between the block and the surface is 0.5. 
The speed of the block at the time of the collision is 
(2 = 10 ms?) 

(a)3ms! (b)1.5 ms! 





(c) 6ms? (d)4.5 ms“. 
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18. For the given uniform square lamina ABCD, whose 
centre is O, 
(а) гас =V2Ipp 
(b) Тас = V2 к 
(c) tap =315р 
(d) Lic = Irr 

‚А coil having п turns and resistance К О is 
connected with a galvanometer of resistance 4R Q. 
This combination is moved in time ¢ seconds from a 
magnetic flux, W, weber to W, weber. The induced 
current in the circuit is 








W -W, n(W, №) 

(а) - 21 ( 055 - P) 
5Rnt SRi 

(0% - c) nW, - Wi) 
(Or (b Ri 


20. The moment of inertia of two bodies are J, and J. 
Their geometrical shapes and sizes are same, the first | 


made of iron and the second of aluminium, then 


а) xL (b) =h 

(c) Һ>1, 

(d) relation between 7, and 7; depends on the actual 
shape of the bodies. 


21. А тау of mass M= 10 kg is supported on two identical 
springs, each of spring constant Ё, as shown in figure. 
When the tray is depressed a little and released, 
it executes simple harmonic motion of period 


1.5 s. When a block mass m is placed on the tray, | 


the period of oscillation becomes 3.0 s. The value 
of m is 


Tray 





(а) lOkg (b)20kg (с) 30kg (d)40kg 

22. An air chamber of volume V has a neck of cross- 
sectional area a into which a light ball of mass m 
can move without friction. The diameter of the ball 
is equal to that of the neck of the chamber. The ball 
is pressed down a little and released. If the bulk 
modulus of air is B, the time period of the resulting 
oscillation of the ball is given by 


(à) T-22 [Ba (b) r=2n |. 
V mV ma 
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_— 


is (d T-2x | — 
Va Ba 


my 





(c) T=2n, 
\ 


A capacitor of capacitance С = 2 uF is connected as 
shown in figure. If the internal resistance of the cell is 
0.5 Q, the charge on the capacitor plates is 


20 
C 10 Q 
КЕЕ 
2.5 У 
(а) zero (b) 2 pC (c) 4uC (6С. 


A charge + q is fixed at each of the points x = хо, 
х = 3xy, x = 5xq ... upto infinity and a charge — q is 
fixed at each of the points x = 2х0, x = 4xp, x = бху 
... upto infinity. Here хо is a positive constant. The 
potential at the origin of this system of charges is 











Tm 
о Ост о) 
ear qin(2) 
(c) infinity (d) ARE, X, Les 


The current-voltage (7 - V) graphs for a given 
metallic wire at two different temperatures Т; and T, 
are shown in figure. It follows from the graphs that 





(a) T, > T; 

(с) 1, = T, 

(9) Т, is greater or less than 7, depending on whether 
the resistance R of the wire is greater or less than 
the ratio V/I 


Which of the graphs shown in figure correctly 
represents the variation of magnetic field B with 
distance r from a long current carrying conductor? 


| | 


(b) T< T; 


pom 


| | 





(c) (d) 


ә г ——— 


27. А rectangular coil of 50 turns carries a current of 
2.0 A and is placed in a magnetic field B of 0.25 T, 
as shown in figure. What is the magnitude of torque 
acting on the coil? 


S 





Í 12 cm 5 SS 
S R 
10 cm 
(a) 0.1 Nm (b) 0[2 Nm 
(c) 0.3 Nm (d) 0.4 Nm 
28. A square metal wire loop of side 10 cm and resistance 
1 Q is moved with a constant velocity v in a uniform 





magnetic field B — 2 T, as shown in figure. The loop 
is connected to 4 © resistor. What should be the 
speed v of the loop as to have a steady current of 
1 mA in the loop? 





(b) 2 cm s! 
(d) 4cms ! | 


(а) lems! 
(c) 3 cm s! 


29, One end of a massless rope, which passes over a | 
massless and frictionless pulley P is tied toa hook C | 
while the other end is free. Maximum tension that the | 
rope can bear is 960 N. With what value of maximum | 
safe acceleration (їп ms?) can a man of 60 kg climb | 
on the rope? | 


KJ PHYSICS FOR YOU | MARCH ‘08 


31. 


(a) 16 (b)6 (c) 4 (d) &. 


| 30. A conducting square loop of side Z and resistance 


R moves in its plane with a uniform velocity v 
perpendicular to one of its sides. A magnetic field B, 
constant in space and time, pointing perpendicular 
and into the plane of the loop exists everywhere as 
shown in figure. The current induced in the loop is 





(a) BLv/R clockwise (b) BLv/R anticlockwise 
(c) 2BLv/R anticlockwise (d) zero 


In a Young's double slit experiment the intensity 
at a point where the path difference is E (A being 
the wavelength of light used) is 7. If I) denotes the 
maximum intensity, il is equal to 


(a) @ 3 


2 
3 


pis 1 
2 OF @ 5 


13, An X-ray tube produces a continuous spectrum of 


radiation with its short-wavelength end at 0.33 A. 
What is the maximum energy of a photon in the 
radiation? Planck's constant = 6.6 х 104 Js. 

(a) 35 keV (b) 37.5 keV 

(c) 40 keV (d) 42.5 keV 


1. Binding energy per nucleon versus mass number 


curve for nuclei is shown in figure. W, X, Y and Z are 
four nuclei indicated on the curve. The process that 
would release energy is 


| 


Binding energy рег 
nucleon 
(in MeV) 





60 


90 
Mass number —— 


120 


(а) Y— 2Z 
(c) W->2Y 


(b W>X+Z 
(d X 3 Y+Z 


М.А freshly prepared radioactive source of half life 2 


hours emits radiation of intensity which is 64 times 
the permissible safe level. The minimum time after 





which it would be possible to work safely with the 
source is 
(a) 6 hours 
(c) 24 hours 


(b) 12 hours 
(d) 128 hours 


3$. A radioactive sample consists of two distinct species 
having equal number of atoms initially. The mean 
life time of one species is t and that or the other is 
5t. The decay products in both cases are stable. A 
plot is made of the total number of radioactive nuclei 
as a function of time. Which of the following figures 
best represents the form of this plot? 








t 


In the adjoining figure, the input is across the 
terminals A and C and the output is across B and D. 
Then the output is 


36. 


D 


(b) the same as the input 
(d) half wave rectified 


(a) zero 
(c) full wave rectified 


Consider a two particle system with particles having 
massess m, and m». If the first particle is pushed 
towards the centre of mass through a distance d, by 
what distance should the second particle be moved, so | 
as to keep the centre of mass at the same position? 


37. 


m, 


(a) —d (b) d 


2 


(c) "24 
Ts 


oh 


т, +m, 





(d) 


The jaws of a vernier calliper touch the inner wall of 
calorimeter without any undue pressure. The position 


38. 
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zero of vernier scale on the main scale reads 4.32 cm. 
The 5th of vernier scale division is coinciding with 
any main scale division. Vernier constant of calliper 
is 0.01 cm. Find actual internal diameter calorimeter, 
when it is observed that the zero of vernier scale lies 
on the left of zero of main scale. 

(a) 4.37cm (b) 4.36cm 

(c) 4.42cm (d) 4.32ст 


39, The thin metallic strip of vernier calliper moves 
downward from top to bottom in such a way that it 
just touches the surface of beaker. Main scale reading 
of calliper is 8.6cm, whereas its vernier constant is 
0.1 mm. The 4th of vernier scale division is coinciding 
with any main scale division. The actual depth of 
beaker in mm is (when zero of vernier coincides with 
zero of main scale) 
(a) 8.64cm 
(c) 8.63cm 


(b) 8.62cm 
(d) 8.13cm 


10. A balance which has arms of equal length and pans 
of equal weight is called a 
(a) sensitive balance (b) inertial balance 
(c) true balance (d) beam balance 





T T T 








and = Boltzmann constant, 
[rg] LT орото 
ОРНОШОТ т rubis 


Hence formula is dimensionally correct. But the relation 
is not correct because of (i) and (ii). 
3. (a): X=ML/P; 





AX «үүө! GAM, OAL cAT x100 
X UM L Hi 
= (ав + bB + cy) % 
. (++): 
4. (а\: соѕ0 = G++ xE 


Pdejdicki 150-0 1 
(1+1+1)2 x1 1/3095 
(.j-i =k-i =Oandi-i =1) 
The difference in velocities is increasing 


with time as both of them have constant but different 
accelerations. 





Let the total distance be d. 
d 


Then for first half distance, time = 2v. 
next distance, = у; Ч 





and last part of distance, = vot 


d 
nM Vittvt=~- ort 


2 2v *») 
Now, average speed 
dd d —2w (v *v;) 
d d 87 а (у, +v) +27; 


ee ee e ЕЕЕ 
dw 2(w-*v) 2(у+у,) 


1 dv Pe 
DI 
or —--kdt 
1 е 
Intergrating we get тола. kt+c Ò 
At t=0, v=v у 
-i 
a 
2v 
Putting in (1), we get 
m 4m е 
2v? Р 2у? 
1 xt ] ; ур 
or Ww ee: eel 
or y= % v= zu 
1+2v6 kt i+ 20? kt 
8. (а) : Actual acceleration of bolt 
a, =— gsina — gcosa j 
x x 


\ 





а, = actual acceleration of box =— g sina 7 
$a =-lj ; йы =0 


1 5 
S, = иі + 2 аы 





1^ cosa 
> 10+: (- gcosa)” = oo 
tos] 
A= 
gcosa 
i WEE 
9. (a): Yay = 0, Fame 
Yan AS 2  . y =3b 0, ES 
у, 3+2 5 1 2 


у у 
k=- 5 у, =3x—=0.6v 
5 1 5 
w'sin20 _10х10х5їп60° 
10 
11. (c) : Instantaneous velocity of rising mass after t sec 
Е е 2 
will be v, —.Iv: +v, 
where v, — v cos0 — Horizontal component of velocity 
v, = v sinO — gt = Vertical component of velocity 


10. (c) : R- = S/A =8.66m 


er ees 
у = 4tv cos)! + (vsinO — gt)? 
у= JG? +222 — 2vsin0gr) 
12. (a): /= uR 





W=10N3 


F cos60 = (W + Е sin60) 


By substituting u = = and W = 10/3 
F=20N 243 

2 
13. (d): T —mgcos0 = a 0) 





те 


At equilibrium tension should be maximum and at the 
position of maximum amplitude tension is minimum but 
not zero. Also tension varies non linearly. Option (d) is 
correct. 


14. (a): 


Vertically upward. Vertically downward 
О 


В 





|! 


Horizontally 





(T —mgcos®) = == = т.а, у = 2gR cosa 


а, = 2р cosa, and а, = g sina 
а. 
tana = (а |В 2cota 
a, / 
РА 1 
{апа = ./2. cosa=—= 


B 


W.- |F dy = f + By + C) dy 


о 
та 











Ay 
By oc 

= J a 

3 2 Í 3 ; À 
TAE F—-—4 Са – | st S iol 

3 D \ 2 j 

3 

- Ма +2Ca 


According to conservation of momentum 
1 x 12 +2 (24) = v; + 2 
ог v + 2v, 7 36 (i) 
fel = 
3 12-(-24) 
ог v4—v, = 24. 
Solving (i) and (ii) we get 
y, =— 28 ms”, and v, = — 4 ms! 
17. (c) : Here, 

1..2 
= ту 
2 
"de 2 x (0.4) 

0.01 


ог V=6ms"! 


Also 


(ii) 


je +umg.x 


200% 16 4 36 





+2х0.5х10х0.4 = 


By perpendicular axes theorem, 


а? +b _M@ +a аў 


а 12 12 





, _M(2a’) | М(2а?) _ 
Fa c M a ЛО, 
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By perpendicular axes theorem, 











I, Ма 
Гас +1вр = 1, = Lyc Е 
2 
By the same theorem Гр = Е = Ма 
о 
Lc = Irr 
19. (b) : Induced current 
_ andy _ -n dW. 
Rd R d 
joo. rn, cS ЕЛ ЕИ) 
(R+4R) t 5Rt 


20. (c) : Iron is denser than aluminium J, > J). 


M+m 


in—2 
"4 2k 


== 





М 
21. (с) : Here T =2n qax and 








D. ІМ +т . or 30. NO+m 
1. Ж AGE 15 ү 10 


which gives т = 30 kg. Hence the correct choice is (с). 





22. (d) ; Let P be the pressure of air in the chamber. 
When the ball is pressed down a distance x, the volume 
of air decreases from V to say V — AV. Hence the pressure 
increases from P to P + AP. The change in volume is 
AV= ax 
The excess pressure AP is related to the bulk modulus B 
AV 

hs Apis. 
Now restoring pm on ball = excess pressure X cross- 
sectional area 
or F=- Ба AV 

y, 


Bum 


or PecPUX(UOAVaxyor = 1 


where k=Ba?/V ie. Fo-x 





Hence the motion of the ball is simple harmonic. If m is 
the mass of the ball, the time period of the SHM is 


or T-2m ту 
Y ва? 


23. (с) : When the capacitor is fully charged, no current 


yamie 
Vk 





flows in the 10 Q resistor. The current in the circuit is 
2.5 
2+0.5 

* Potential drop across 2 О resistor = 2 О x A22 V 
This is also the potential drop across the capacitor plates. 
Therefore, the charge on capacitor plates is 
O=CV=2~x 10%x2=4x 10®C=4 uC 
Hence the correct choice is (c). 


I= =1А 





] 
3 [4 A ee uam" 


Ve 
ир 4neé, 1x ахо 928 


Га = - ] 
: | ON жа E upto infinity > 
4n&,|2x, 4x, 6x, ] 


-- 





аб. 


a 4n&, X, | 





i tl наб upto infinity} 
ы Re ee 


Re Ms. fer. 
ANE, x, TE, Xy 


Hence the correct choice is (d). 


25. (b) : It is clear from figure that at a given voltage Vo, 
the current 7, in the wire at temperature 7| is greater than 
the current J, in the wire at temperature 75. Therefore, the 
resistance of the wire at temperature Т; is less than that 
at temperature 75. This can happen if 7; is less than 7, 
because the resistance of a wire increases with increase 
in temperature. Hence the correct choice is (b). 





26. .c) :B ~ l/r. Hence the correct graph is (с). 


27. (c) : The sides PQ and RS are parallel to the field lines 
hence the force on each is zero. The force on vertical sides 
PS and QR is 

f= Bli 20.25 x 2.0 x 0.12 = 0.06 N 

The force facts on PS ina direction out of the page and on 
QR into the page, this forming a couple. The total force is 
F=50 x 0.06 =3.0N. Therefore, the torque is 
t=3.0N x 0.10 m = 0.3 Nm 

28. (b) : The emf induced in a wire of length / moving іп 
a field B with speed v perpendicular to the field is given 
by 

e=Blv=2x0.1 v=0.2v 
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0.2v 

TRO 
But 7= 1 mA = 102, Therefore, 
0.2v 


Current in the circuit is 7 = É = 





10° = 


which gives у= 2 x 1072 ms! = 2 cm s. Hence the correct 
choice is (b). 

29. (b) : T— 60g = 60a 

or 960 — (60 x 10) = 60a 

or 60 a — 360 

or a — 6 ms? 

30. (d) : Since the magnetic field is constant in time 
and space and exists everywhere, there is no change in 
magnetic flux when the loop is moved in it. Hence no 
current is induced, which is choice (d). 


In Young's double slit experiment intensity at a 
point is given by 


I= cos! (2) 


where ф = phase difference, /; = maximum intensity 


| See Ne р 
* Ch cos 2) 0) 
Phase difference b= 21 x path difference 
‚ыс TUS. Àj Т 
a s ле or o=5 ... (ii) 


Substitute eqn. (ii) in eqn. (1), we get 


1. 2( п I -3 
—= cA or ——— 
Io Nis (2) 10 4 


-34 8 
32.0): E hes ee 
д9 0.33 x10 


=6х 105 J = 37.5 keV 
The binding energies of the reactant and the 
products in the given nuclear reactions are as follows : 


Reaction Reactant Products 

(a) Y 27 60x 8.5 — 510 2x30x 5.0 
MeV = 300 MeV 

(b) W>X+Z 120x7.52900 |(90x8.0 30x 
MeV 5.0) = 870 MeV 

(с) W —^ 2Y 120 x 7.52900 2 х 60 х 8.5 
MeV = 1020 MeV 

(d XX— Y*Z  90х 8.0= 720 | (60 х 8.5 +30 
MeV x 5.0) = 660 

MeV 


The binding energy of the products in reaction (c) is 
greater than that of the reactant. Hence reaction (c) 


releases energy. 


Since the half life is 2 hours, the intensity of the 
radiation falls by a factor of 2 every 2 hours. In 12 hours 
it will fall by a factor of (2)° = 64. Thus, in 12 hours the 
intensity attains the safe level. Hence the correct choice 
is (b). 

For each species, the number of radioactive nuclei 
decreases exponentially with time. Hence, for both the 
species taken together, the total number of radioactive 
nuclei will decrease exponentially with time. This is best 
represented in plot (d). 


The figure is a circuit diagram of a full wave 
rectifier. 


If x, and x, are the positions of masses m, and 
m», » position of the centre of mass is given by 
X= СЕ л DE 272 
If x, Рая Бу Ax, and x; changes by Ax;, the change 
in х... will be 
Ax, eee 0) 

M m, +m, Е ч 

Given Ax, , = 0 and Ax, = d. Using these values in Eq. 
(1), we get m,d + m, Ax, =0 or 





аг X 


md 
ee 





a , which is choice (a). 
т. 


т, 
`.. Distance moved by т, = 
38. (c) :N = 4.32ст, n= 5 
V.C = L.C = 0.01 cm 
*. observed internal diameter of calorimeter 


Do =N+nx V.C 
= 4.32+5 х 0.01 =4.32 + 0.05 
Dy =4.37ст 


Correct internal diameter D -D,Qq*C 
given that C ^ 0 ~ D-43Tcm 
when zero of v.s lies on the left, then 
C=+(n x L.C) 7 40.5 
D = 4.37 + 0.5 = 4.42cm 
39. (аў: N = 8.6cm 
V.C 2 L.C = 0.01 cm 
. Observed diameter of beaker 
=N +n(V.C) =8.6+4 x 0.01 
= 8.6 + 0.04 = 8.64cm 
Here error C = 0 


*. Actual depth of beaker = 8.64 + 0 = 8.64 cm. 
40. (c) 


n=4 
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STRAIGHT OBJECTIVE TYPE 


This section contains 9 multiple choice questions 
numbered 1 to 9. Each question has 4 choices (a), (b), 
(c) and (d), out of which ONLY ONE is correct. 


1 


The readings of a constant potential difference is 
noted four times by a student. The student averages 
these readings but does not take into account the zero 
error of the voltmeter. The average measurement of 


the potential difference is Readingl 1.176 V 
(a) precise and accurate 5 

(b) precise but not accurate Е EEEN 
(c) accurate but not precise Reading3 1.177 V 


(d) not accurate and not Reading 4 1.176 V 


precise 

A metal plate is exposed to light with wavelength À. It 
is observed that electrons are ejected from the surface 
of the plate. When a retarding uniform electric field E 
is imposed, no electron can move away from the plate 
farther than a certain distance d. Then the threshold 
wavelength A, for the material of plate is (e is the 
electronic charge, ^ is Planck's constant and c is the 
speed of light) 





| "ey" (1 eEdY 
Aye | = iE 
(@) Ao bs d : |, де 
c eE 
ms Nes dite dees 
ату еЕа Gr à hc 


Four blocks are arranged on a smooth fixed horizontal 
surface as shown. The masses of upper blocks are 
m kg and lower blocks are M kg as shown in figure. 
The coefficient of friction between upper and lower 
blocks is џи. Both the upper blocks are connected by 
inextensible light string having initial zero tension. 
For all four blocks to move with same acceleration, 
the maximum value of horizontal force F applied to 
right bottom block (as shown) is 

щт [т|н. 

{тїй 


Smooth horizontal surface 


Practice Paper 


IIT-JEE 200 








eam 


2umg(m + M) 

Oger F (b) 2ug(m + M) 
2umg(m+ M) 

(c) ADM (d) ug(m + 2M) 


Two hollow-core solenoids, 4 and B, are connected by 
a wire and separated by a large distance, as shown in 
the diagram. Two bar magnets, 1 and 2, are suspended 
just above the solenoids. If the magnet 1 is dropped 
through solenoid A as shown, then the magnet 2 will 
simultaneously be 


Magnet] Magnet 2 


А 


Solenoid A Solenoid В 


(a) attracted by a magnetic force towards solenoid B 
(b) repelled by a magnetic force away from solenoid B 
(c) repelled by an electric force away from solenoid B 
(d) unaffected by solenoid B. 


A uniform cylinder of mass M lies on a fixed plane 
inclined at an angle Ө with horizontal. A light string 
is tied to the cylinder’s right most point, and a mass 
m hangs from the string, as shown. Assume that the 
coefficient of friction between the cylinder and the 
plane is sufficiently large to prevent slipping. For the 
cylinder to remain static, the value of mass m is 





m 
fixed wedge 


M cos 
1+ sinO 


M sinO 
1+ ѕіп Ө 





(а) 


(b) 


By : Resonance, Kota (Rajasthan). For detailed answers of the paper, log on to institute's website www.resonance.ac.in 
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Oh» 


M sin 
1—sin6 


M cos 
(d) 
1—sin8 
Part of the uranium decay series is shown 
010238 — op Th234 — 9, pa294 —› 
gU? — oo Th230 — pRa? 
How many pairs of isotopes are there in the above 
series ? 
(a) 1 (b) 2 (c) 3 (d) 0 


Four uniform wires of the same material are stretched 
by the same force. The dimensions of wire are as given 
below. The one which has the minimum elongation 
has 

(a) radius 3 mm, length 3 m 

(b) radius 0.5 mm, length 0.5 m 

(c) radius 2 mm, length 2 m 

(d) radius 3 mm, length 2 т 








In the circuit shown, cells are of equal emf Е but 
of different internal resistances r, = 6 О and r, = 4 
Q. Reading of the ideal voltmeter connected across 
cell 1 is zero. The value of the external resistance R 
in ohm is equal to 





cell 1 cell 2 


(a) 2 (b) 2.4 (c) 10 (d) 24 


Two large oppositely charged insulated plates have 

a uniform electric field between them as shown. The 

distance between the plates is increased by a small 

amount. Which of the following statements is/are 

correct ? 

(i) The electric field strength decreases. 

(ii) The electrostatic force of attraction between 
the plates increases. 

(iii) The potential difference between the plates 
increases. 


(a) (1) only (b) (ii) only 
(c) (iii) only (d) (1) and (iii) only 


ASSERTION REASON TYPE 








choices (a), (b), (c) and (d) out of which ONLY ONE 


is corre-:. 


(a) Statement-1 is True, Statement-2 is True; Statement- 
2 is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation for 
Statement-1. 

(c) Statement-1 is True, Statement-2 is False. 

(d) Statement-1 is False, Statement-2 is True. 


A spherical surface of radius of 
curvature R separates two media of 
refractive index rand п, as shown. 


If an object O (a thin small rod) is 
placed upright on principal axis at a 
distance R from pole (i.e, placed at 
centre of curvature), then the size of 
image is same as size of object. 

Ifa point object is placed at centre 
of curvature of spherical surface 
separating two media of different 
refractive index, then the image is 
also formed at centre of curvature, 
i.e., image distance is equal to object 
distance. 

Two concentric conducting 
spherical shells are charged. The 
charge on the outer shell is varied 
keeping the charge on inner shell 
constant, as a result the electric 
potential difference between the two 
shells does not change. 

Ifcharge is changed on an isolated 
thin conducting spherical shell, the 
potential at all points inside the shell 
changes by same amount. 


Gas ejected from rocket will 
never exert thrust on the rocket if the 
ejected gas and the rocket move in the 
same direction. 

To exert thrust on rocket in its 
direction of motion, the ejected gas 
(w.r.t. rocket) must move opposite to 








This section contains 4 questios numbered 10 to ! +. 
Each question contains ST AEEMENT-I (Assertion: 
aud STATEMENT-2 (Reason). Each question by 4 


velocity of rocket (w.r.t. ground). 





A homogeneous rectangular brick 
lies at rest on a fixed rough inclined 
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plane as shown. Then the right half 
of the brick exerts greater force on 
the inclined plane as compared to left 
half of the brick. 


E 


8 


For brick in situation of statement- 
1 to be at rest, the net moment of all 
forces about its centre of mass should 
be zero. Moment of force on brick 
due to its weight about centre of mass 
is zero. The moment of force due to 
friction on brick about its centre of 
mass has tendency to rotate the brick 
in clockwise sense. Hence the right 
half of the brick presses the inclined 
plane more in comparison to the left 
half of the brick. 


LINKED COMPREHENSION TYPE 
is section Contains 2 paragraphs C14 is and с 17.19° 
sed upon cach paragraph, 3 multiple choice 
tions hove to be answered. Each question has 


choices fa). 09>. сер and (d), out of which ONLY 
UE 3S соргу. 

Coo: Paragraph foi Cesaru Nos. 14 to 16 

A uniform and constant magnetic field 


B=(20i -30;--50k) tesla exists in space. 

A charged particle with charge to mass ratio 
\ 3 

( # 1—10 букв entersihisregion at timer—0with 

m) 19 


a velocity V = (20i + 507 + 30k) m/s. Assume that 

the charged particle always remains in space having 
E 

the given magnetic field. (Use vz = 1.4). 


During the further motion of the particle in the 
magnetic field, the angle between the magnetic field 
B and velocity of the particle 

(a) remains constant (b) increases 

(c) decreases 

(d) may increase or decrease. 


The frequency of the revolution of the particle in 
cycles per second will be 


10 10 10* 10^ 
|) SE ач) лл 
o ny19 = т\/38 ©) n419 K 274/19 


The pitch of the helical path of the motion of the 


particle will be 
(a) TEA (b) ps m 
100 125 
T T 
—-m —-m 
(c) 215 (d) 250 


С,-.1- : Paragraph for Question Nos. 17 m *‹ 
Figure shows block A of mass 0.2 kg sliding to the right 
over a frictionless elevated surface at a speed of 10 m/s. 
The block undergoes a collision with stationary block B, 
which is connected to a nondeformed spring of spring 
constant 1000 Nm". The coefficient of restitution between 
the blocks is 0.5. After the collision, block B oscillates 
in SHM with a period of 0.2 s, and block A slides off 
the left end of the elevated surface, landing a distance 
d from the base of that surface after falling height 5 m. 
(use 72 = 10; g = 10 m/s?). Assume that the spring does 
not affect the collision. 


—+10 m/ 





Mass of the block B is 
(а) 0.4kg (b)0.8kg (с) lkg (d) 1.2 kg 


Amplitude of the SHM as being executed by block 
B-spring system, is 


(а) 2.5410 cm (b) 10 cm 

(c) 3410 cm (d) 5/10 cm 

The distance d will be equal to 

(2m  Á(b25m (с) 4т (d) 6.25 m 


MATRIX MATCH TYPE 


This section contains 3 questions 
Each question contains statements 
z vens dn two colum»: witch C 
have te be matched. Statemcc-s 
i. B. C, Dj in Column I have ti- 
^e matched with statements (р, 
4. -- Sin Column IIl. The answe-s 
to these questions have to be 
appropriately bubbled as illustrates: i tie ivi 
example. If the correct matches ars А-р o: 
B-r Ca. C-q azg 0-5, men the correct: | 

+ - s matrix cn0uld б as follows 





Match the statements in Colum I with the results in 
Column II. 
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54 


(В)А 





Column - І 


of surface area S has an initial 
temperature more than its 
surrounding atmosphere. Then 
magnitude of rate of change of 
its temperature with time 


soap bubble initially in 
equilibrium is given a charge 
Q, which distributes uniformly 
over its surface. The centre of 
the bubble is always fixed. For 
the duration the bubble having 
surface area S expands, the 
magnitude of electric potential at 
a fixed point always lying outside 
the bubble 


(C)A container with open top and 


filled with ideal liquid is placed at 
rest on a smooth horizontal table. 
A small hole of area S is drilled 
at the bottom of a side wall of 
container. The magnitude of force 
exerted by escaping liquid on the 
container 


(D) An infinitely long straight current 


carrying wire lies along the axis 
of a closed cylindrical surface of 
total surface area S in space. As 
the magnitude of current in the 
wire is continuously increased, 
the magnitude of the magnetic 
flux through the surface of this 
cylinder 


Match the statements in Column 
in Column - II. 


Column - I 


across a non-ideal cell . As 
the resistance of the variable 
resistor is continuously 
increased from zero to a very 
large value, the electric power 
consumed by the variable 
resistor 


PHYSICS FOR YOU | MARCH ‘08 


Column - II 


(A)A thin uniform spherical shell (p) is 


independent 
ofS 


(q) depends 
on 5 


(r) remains 
constant 


(s) decreases 
with time 


- 1 with the results 


Column - II 


(A)A variable resistorisconnected (р) first increases 


for some 
time and then 
decreases 








(B) A circular ring lies in space 
having uniform and constant 
magnetic field. Initially the 
direction of magnetic field is 
parallel to plane of the ring. 
Keeping the centre of ring 
fixed, the ring is rotated by 
180° about one of its diameter 
with constant angular speed. 
For the duration the ring 
rotates, the magnitude of 
induced emf in the ring 


(C) A thin rod of length 1 cm 
lies along principal axis of a 
convex lens of focal length 
5 cm. One end of rod is at a 
distance 10 cm from optical 
centre of the lens. The convex 
lens is moved (without 
rotation) perpendicular to 
initial principal axis by 5 mm 
and brought back to its initial 
position. The length of the 
image of the rod 


(D)A bulb (of negligible 
inductance) and a capacitor in 
series are connected across an 
idealac source of constant peak 
voltage and variable frequency. 
As frequency of ac source is 
continuously increased, the 
brightness of bulb 


(q) first decreases 
for some 
time and then 
increases 


(r) is always 
constant 


(s) increases or 
may increase 
over some 
time interval 


Net force on a system of particles in ground frame 
is zero. In each situation of column-I a statement is 
given regarding this system. Match the statements in 
column-I with the results in column-II. 


Column-I 


Column-II 


(A) Acceleration of centre of mass of (q) is constant 


system from ground frame 


(B) Net momentum of system from (q) is zero 


ground frame 


(C) Net momentum of system from (г) may be 
frame of centre of mass of system Zero 


(D) К.Е. of system from frame of (s) may be 


centre of mass of system 


constant 





Useful dat: 
Gas Constant, R = 8.314 JK"! mol! 

1F = 96500 C 
Atomic Numbers : Н = 1, Li = 3, В = 5, С = 6, 
N =7, O= 8, F=9, № = 11, = 15, S = 16, СІ = 17, 
Ar=18, K=19, V=23, Cr=24, Mn - 25, Fe - 26, Co- 27, 
Ni = 28, Cu = 29, Zn = 30, Ge = 32, Br = 35, Ag = 47, 
I= 53, Xe = 54, Pt = 78, Hg = 80, Pb = 82. 











STRAIGHT OBJECTIVE TYPE 
This section contains 9 multiple choice questions 
numbered 23 to 31. £2ch question has 4 choices (a), (b), 
(c) and (d), out of which ONLY ONE is correct. 


How many mmoles of sucrose should be dissolved 
in 500 gms of water so as to get a solution which 
has a difference of 103.57?C between boiling 
point and freezing point. (К; = 1.86 К kg mol", 
K, = 0.52 К kg mol!) 

(a) 500 mmoles (b) 900 mmoles 

(c) 750 mmoles (d) 650 mmoles 


Identify true and false statements 

$1: XeO, is a colourless explosive solid and has а 
pyramidal molecular structure. 

S,: XeF, is not a better oxidising agent than XeF,. 

$4: Xe, Kr and Ne all form clatherate compounds. 

S,: Fluorine in dilute solution of sodium hydroxide 
disproportionates in fluoride and hypofluorite. 

(а) TFFF (b) ТЕТЕ (с) TTTT (d) FTFT 


At 298 K the standard free energy of formation of 
HO ip is 257.20 kJ/mole while that of its ionisation 
into H* ion and hydroxyl ions is 80.35 kJ/mole, then 
the emf of the following cell at 298 K will be (take F 
= 96500 C] 

H,(g,1 bar) | H* (1 M) || OH- (1 M) | О, (е, Ibar) 

(а) 0.40V (Ы) 0.50У (c) L232V — (d) -0.40V 


According to molecular orbital theory, which of the 
following is correct ? 

(a) LUMO level for C, molecule is a o5, orbital 

(b) In C; molecule both the bonds are 1-bonds 

(c) In C,* ion there is one o and two л bonds 

(d) All the above are correct 


When a graph is plotted between log x/m and log p. it 
is straight line with an angle 45° and intercept 0.3010 
on y-axis. If initial pressure is 0.3 atm, what will be 
the amount of gas adsorbed per gm of adsorbent ? 
(a) 0.4 (b) 0.6 (c) 0.8 (d) 0.1 


28. The green coloured complex K,[Cr(CN),(NH;)(NO)] 
is paramagnetic and its paramagnetic moment (spin 
only) is found to be 1.73 B.M. Which of the following 





is /are correct about it ? 

(a) Hybridisation state of chromium is sp?d? and it 
cannot show geometrical isomerism 

(b) Its IUPAC name is Potassium amminetetracyano 
nitrosylchromate(IT) 

(c) In the complex chromium is in (+Ш) oxidation 
number. 

(d) None of the above is correct 


The end product of following reaction sequence is 
OH 


Ph- T = CH, S NH, NaNOJaq.HCl NaBH, 
| 0 7" @ 


Ph Conc.H,SO,, A O,JZn, 
(a) Ph- c0 + CH,=0 e © 
Ph 
(b) Ph- C=0 + PhCH—O 
Сн, о 


il 
(с) PhCH—O only (d) Ph- C- CH,—Ph 


The major product formed in the following reaction 


15 


MeN. 


CH, ICI 


(Oi Me. Me 
N 


га 
еј 
(а) MejN-((O)-C -CH, b) CI-C-CHj 


О О) 
aie Sig 


Me,N 


NMe, ^N 
Me Me 
MeN j MeN 
(c) 2 CH, (4d) > CH, 
Me,N 1 Ме» С1 


Which of the following reactions are feasible 
(practically possible) ? 
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Me 
D 


Me 
Cl 
K ZN 
о = Ox 
(II) eo 





(Ш) We нол th i Hon ce 
H OH H 
(IV) HCIO, Un? e 
Gio 5) CIO; 
H OH H 
(LIV OLIE (ушту (d)LILII | 


ASSERTION REASON TYPE 
This section contains 4 questions numbered 32 to 55. 


Each question contains STATEMENT-1(Assertion) 
and STATEMENT- (Reason). Each question has 4 
choices (a), (b), (c) and (d) out of which ONLY ONE 
is correct. 
(а) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1. 
(b)Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1 
(c)Statement-1 is True, Statement-2 is False 
(d)Statement-1 is False, Statement-2 is True 
Me. STATEMENT-I: Ag, S +4KCN RUN 
2K [Ag(CN);] + KS 
The reaction is carried out in 
presence of air or О, so that K,S is 
oxidised to K,SO, thereby shifting 
the equilibrium in forward direction. 


Pseudohalide ions generally are 
not stronger coordinating ligands than 
the halide ions and hence the complex 
formed by pseudohalide ions are of 
high spin. 

The halide ions have higher 
values of electronegativity in their 
corresponding periods. 


Inn-butanethegaucheconformation | 


lies higher in energy than the anti 
conformation. 


The gauche conformation has | 


eclipsing interactions. 


The reactivity order for acid 
catalyzed dehydration of alcohols is 
R,C - OH > R,CHOH > RCH,OH 
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Acid catalyzed dehydration 
follows saytzeff (Zaitsev’s) rule. 


LINKED COMPREHENSION TYPE 
This section contaizs 2 paragraphs С. гла Cs, 
Based upon each paragraph, 3 multipie choice question 
have to be answered. Each question 825 4 choicc- (a). 
(b). (c) and (d), out of which ONLY ONE is correct. 


Casg : Faragraph for Qu.stie Nos. 36 to 35 


White crystalline solid (4) reacts with H, to form a highly 
associated liquid (В) and a monoatomic, colourless gas 
(C). The liquid (B) is used for etching glass. Compound 
(A) undergoes hydrolysis slowly to form (C), (B) and a 
diatomic gas (D) whose IE is almost similar to that of 
(C). (B) forms an addition compound with KF to form 
(E) which is electrolysed in the molten state to form a 
most reactive gas (F) which combines with (C) in 2:1 
ratio to produce (A). 


The molecular shape, and hybridisation state of 
central atom in the molecule A is 

(a) linear, sp (b) triangular,sp? 

(c) linear, sp?d (d) V-shape, sp? 

The molecule of compound E contains which of the 
following types of bonds 

(a) ionic 

(b) ionic and covalent both 

(c) ionic, covalent and metallic 

(d) ionic, covalent and H-bonds 


According to Molecular Orbital Theory, which of the 
following is correct about the molecule of D ? 
(a) its bond order is 2.0 
(b) it has two unpaired electrons in m-bonding М.О. 
(c) both the above are correct 
(d) none of these is correct 

aedis AP RCABB io; Question ao nid 
The e e ais of organic mixture can be separated by 
simple chemical method. Aromatic carboxylic acids are 
soluble in sodium bicarbonate solution, while the phenols 
are soluble in NaOH solution. Organic bases (aromatic 
amines) are soluble in aqueous HC] solution. The separted 
components are identified by laboratory tests of functional 
groups. Observe the analysis of following organic 
mixture composed of three components (I, II, Ш) 


‚ОН 
I 
М№аНСО 9 > (D “KENO, > Black ppt. (2) 
(D, (ID, (Ш) Soluble 
iE (ID, (IlDInsoluble 
y 


NaOH 


E:Nephthol NSNOZHCI (тту Insoluble 
HCl aq) 
Soluble (Y) Red colour 
decolourised (X) 


(II) Soluble 
Br,/H,0 


Red dye 





The compound Z can be 


COONa COONa 
(a) О (b) © 

COOAg COONH, 

OH COONa 
(c) © (d) 

COONH, C=CAg 
The compound X can be 

ONa NH, 

Br Br 

(a) (b) 

CHO Br 

COONa ONa 

Br Br 

(c) (d) 

Br Br 
The compound Y can be 

® o 

NH4CI COOH 
„© „© 

CH, NHCl 

гии сосн, 
(с) (d) 

NH4CI 


MATRIX MATCH TYPE 


This section contains 3 questions. Each question 
contains statements given in 
two columns which have to be 
matched. Statements (A, B, C, D) in 
Column-I have to be matched with 
statements (p, q, r, s) in Column- 
II. The answers to these questions 
have to be appropriately bubbled 
as illustrated in the following 
example. If the correct matches are A-p, A-s, В-д, B-r, 
C-p, C-q and D-s, then the correctly bubbled 4 x 4 matrix 
should be as follows : 














4 


Column-I Column- 
(A) (NH,),S,0,+H,O—> (p) Hydrolysis 
(B)NaBO,+H,O+ (One of the product 
H,0,—— has peroxide linkage 
(C) XeF, + H,O > (r) Redox Reaction 
(D)HNO4(5096) + As;O, (5) one of the products is 


+ Н,О (unbalanced) — a gas (paramagnetic) 


For the following matching take the concentrations 
of the both the solutions being titrated to be equal to 
0.1 M, and K, of CH;COOH =2 x 10°, К. of HCO; 
= 107, К. of H,CO; = 107", K, of NH; = 2 х I0) 


Column- (Titrations) Column-II (Properties } 


(А)СН,СООН + NaOH (p)Approximate shape of 
the titration curve will 


^ 


pH 
volume of base 


added —» 
(B) NH,Cl + NaOH (q)Phenolphthalein (рК. 
— 9) can be used for end 
point detection 


(C)Na,CO, + НСІ (upto (r) At equivalence point, 
Is equivalence point) Ораг < 1.8 x 10? 


(D) НСІ + NaOH (s)At equivalence point, 


pH>7 


Match following column (1) with column (IT) 


Column-II (Products) 


ү CHOW 
Oe 


Column-I (Reactants) 


@) = UE OS з. 
(А) eM (ii) (CH,),SO,/0H™ 


OCH, 
(B) o ORs (q) 
Се (ii) A | О 
‘OCH, OH 
OH OH 
(i) CHBr,/OH- 
- ome ФС) 
(iii) NaBH, OH 
OCH, 


(i) (вне дЫ (5) 
(D) Ô (i) Mglether ^ Mg/ether О 
(ш) О, (iv) НО 


PHYSICS FOR YOU | MARCH ‘08 








STRAIGHT OBJECTIVE TYPE 


This section contains 9 muitiple choice questions 
numbered 45 to 53. Each question has 4 choices (a), (b), 
(c) and (d), out of which ONLY ONE is correct. 


Let y =f (x) be a cubic polynomial function which 
attain its local maximum at x = 3 and point of 
inflection is at x = 7, then 

(a) local minimum is at x = 11 

(b) local minimum is at x = КЛ] 

(c) local minimum is at x = -1 

(d) data insufficient 


Equation of circle of minimum radius which touches 

both the parabolas y =x? + 2x + 4 andx = y? + 2у +4 

is 

(a) 4x? + 4 - 11х— lly—13=0 

(b) 2х2 + 2? - Ilx- 11y - 1320 

(c) 3х2 + 3у2 - 11x - 11y - 134 0 

(d) 2 +y- 11x-11y - 1340 

If y = f (x) is differentiable at x = a and y = g(x) 

is continuous but not differentiable at x — a , g'(a*) 

and g'(a') are finite, then which of the following is 

incorrect ? 

(a) у = f(x) g(x) is not differentiable at x = a 
if f(a) € 0 

(b) y = f (x) g(x) is differentiable at x = a if f(a) = 0 

(c) y = f(x) g(x) is not differentiable at x = a 
if f(a) 20 

(d) у= f (x) g(x) is continuous at x = a 


T 5n 
Area bounded by y = х), x =0, y = 6 and y = ry 
where f (x) =x + sin x, is 


Ga e (b) 243 ER 


2 2 
(с) 43 (d) 5 
a wm 
Let Д = ахат = gf, Шаш) 
л/6 X z/6 Sny 
13 
TES Шш) then 
n/6 tanx 


(а) Һ< 1,< 
(с) 5« h«L 


(L5b«h«l 
(d) 5 « h< 
If a, b are non-zero vectors such that|a + b | -| a — 20| 


then 


(a) @b=2|5F — (уаБ=|5[ 
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| 


i 





(c) least value of а: Б + ———— is 242 


4 
[БР +2 
m 
(d) least value of à- b + =, 
|b +2 
If a unit vector d in the plane of b = 2i + j and 
c-i —j+k is such that axb=axd where 
d = j * 2k then a is 


is 24/2 31 











i+j+k i-j+k 
а) ————_ b) ——=— 
(a) A (b) A 
2i +j 2i - j 
c d 
(c) Js (d) ЕЁ 
If A = fash x3, B = 10, C = (су]з х з are three 
matrices so that IAI = 3, |B] = 2, |С| = 4, then |ABC] is 
(a) 24 (b) 24 
(c) 0 (d) not defined 


d? dy 2 
The general solution of у `5 ats = (2) 18 
dx? dx 
(b) у= се? 
(d) y= g^ + ex 


(a) у= exte 
(c) у= ex + с;е* 


ASSERTION - REASON TYPE 


This section contains 4 questions numbered 54 to 57. 
Each questions contain STATEMENT-1 (Assertion) and 
STATEMENT- (Reason). Each question has 4 choice: 
(а). (b), (c) an (d) out of whic ONLY ONE is correct. 


(a) Statement-1 is True, Statement-2 is True; Statement- 
2 is a correct explanation for Statement-1. 

(b) Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation for 
Statement-1 

(c) Statement-1 is True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 is True 

Let L; = 0 and L, = 0 are two non 
perpendicular intersecting straight 
lines in two dimensional plane and 
if for А. = 1, L, + AL, = 0 gives line 
passing through acute angular region 
between the lines then for А = 4 
L, + AL, = 0 gives line passing 
through obtuse angular region. 


Points (xj, yı) and (х, y2) аге 
on the same / opposite sides of a 
line ax + by + c = 0 if and only if 
ax, + by, + c and ax; + by, + c are of 








same/opposite signs respectively. 


Roots of ах? + bx + с = 0 are real 
ifb? — 4ac > 0. 

Set of all real numbers and set of 
all imaginary numbers are subsets of 
set of all complex numbers. 


STATEMEN'i-1 · In а AABC if cosA cosB + 
sind sinB sinC = 1, then ABC is right 
angle triangle. 

Ifk<p+qr<p+q<k, then 
k-ptqr-p-*q-kandr- 1. 


Let f: R  Rbethrice differentiable 
non constant function, then between 
two consecutive real roots of 
f(x) = 0, there are atmost four real 
roots of f (x) = 0. 

If f (x) is differentiable in [a, 5], 
then there exist atleast one c € (a, b) 


for which f'(c)- fore 
—a 


Laer, еа | 

LINKED COMPREHENSION TYPE 

This sz tion contains 2 paragraphs C. and C, 
«з. Based upon each 
parsgraph, 3 multiple 
choice questions have 
to be answered. Each 
question has 4 choices 
(aj, (b). (c) and (d), out 
of which ONL* ON; is 
correct. 





C, ,, : Paragraph for 
Qeesran №. 5* to € 

In the figure |z| =r is circumcircle of AABC. D, E and F are 
the middle points ofthe sides BC, CA and AB respectively, 
AD produced to meet the circle at L. If ZCAD = 0, 
AD = x, BD = y and altitude of AABC from A meet the 
circle |z| =r at M, Za z, and z, are affixes of vertices A, В 
and C respectively. Then 


Area of the AABC is equal to 
(а) xycos(8 + C) (b) (x + y)sin Ө 


1 4 
(с) xy sin (0 + C) (d) 5 xysin(0 + C) 
Affix of M is 
(а) 2z,€?? (b) гей" 29 (с) z,e” (d) 2z, e? 
Affix of L is 


(a) Z, eA —28) (b) 2z, gel ~ 28) 





(с) z,e4-®) (d) 2z,e™ -® 


-na Paragraph tor Question Nos. 61 to бл 
A lamp post of length 
10 meter placed at the 
end A of a ladder AB of 
length 13 meter, which is 
leaning against a vertical 
wall as shown in figure 
and its base slides away 
from the wall. At the 
instant base B is 12 m 
from the vertical wall, 
the base B is moving at the rate of 5 m/sec. A man (M) 
of height 1.5 meter standing at a distance 15 m from the 
vertical wall, then answer the following question. 





B—M 


Rate at which Ө decreases, when the base B is 12 m 
from the vertical wall, is 
(a) 1 rad/sec 


(c) 5 rad/sec 


(b) 2 rad/sec 
(d) L rad/sec 


Rate at which length of shadow of the man increases, 
when the base B is 12 m from the vertical wall, is 


O ЛӘ ЕДЕ (b) = m/sec 


& 
(c) B m/sec (d) 5 m/sec 


Rate at which œ decreases, when the base B is 12 т 
from the vertical wall, is 


72 
(a) 35 rad/sec (b) = rad/sec 


(c) ec) rad/sec (d) 20 rad/sec 


MATRIX-MATCH TYPE 


This section conta:«s 3 questions. Each question 
contains statements given in twa columns which 
haveto be matched. Statements (A, B, C, D) in Columi 
1 have to be matched with statemenis (p, q: r, s) in 
Column Il. The answers to these questions have to be 
appropriately bubbled 5. illustrated in the following 
example. If the correct matches are A-p, A-s, В-д, 
B-r, C-p, C-q and D-s, then the correetly bubbled 
4 x 4 matrix should be as follows : 
Pp. dun 








Column I 
(A) If/(x)is a quadratic expression inx and 
6 [fd =k f) + f(0)+4fd/2) 
then k is 


(B) If the sum of the squares of the 
intercepts on the axes cut off by the 
tangents to the curve х! + у! = 1З 


mais 


is 2, then a is 

(C) The distance of the point on 
y = x! + 3x? + 2x which is nearest to 
the line y -2x 1 is z, then 5r is 


(D) I£f(x) =—2 |sin x| + ae + 5 [tan x|? is 
differentiable at x = 0, then a is 


Column I 


(A) Number of integral value of b 
for which tangent parallel to line 
у =x + 1 сап be drawn to hyperbola 
arin y 


МСЕ tr RR ER a 


Ea uin d 

(B) xà + у? + 2xy + 2х + 2y + А = 0 does 
not represent a pair of real straight 
line if A = 

(C) Number of solution of 
tan2x = tan 6x in (0, Зп) is 

(D) If in the expansion of (212 + 3-1): 
the ratio of 7" term from begining to 
the 7% term from end is 1 : 6, then 
n is 


Column I 


(A) Minimum value of 
х+х+2 


‚хє (0, œ} is 
(В) Number of real solutions of 
|x |4+2V5—4x-x? =16 is 


r  r-n у 
(C) If 4, = Pet Nas J where ris a 
natural number |A,| + [14 + |Аз| + .... 
+ 14% = k (2006), then & is equal 


to 
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Column II 
(p! 


(9 4 


(03 


(5) 2 


Column П 
(p) 4 


Column II 


(p) 6 


(9)! 


(т) 0 








(D) The lengths of two opposite edges AB (s) 4 
and CD of a tetrahedron ABCD are 
a and b. Shortest distance and angle 
between AB and CD are equal to d 
and O respectively. If the volume V of 
the tetrahedron is - abd sin Ө, then p 


is equal to 

(b) (b) (a) (a) (d) 
(b) (d) (a) (c) (d) 
(a) (d) (a) (a) (b) 
(9) (c) (a) (b) 


(A) - p.s; (B) - ру; (С) - q.s; (D) рт 
(A) - p,s; (B) - q,8; (С) - p,s; (D) s 
(A) - p.d: (B) а р.г; (С) -р.ф; (D) Ls 


(c) (a) (b) (d) (b) 
(d) (c) (b) (c) : (a) 
(d) (c) (b) (c) (d) 
(a) (b) (d) (a) 


(A) - p,q; (B) - p.q; (C) - p.r,s; (D) - r,s 
(A) - р,9›1,8; (В) - p.55; (С) i 91,8; (D) q.r 
(A) - s; (В) - q; (С) - p; (D) -r 


4= (a) (a) (c) (c) (c) 
50. @) (b) (d) (b) (a) 
-= (d) (a) (b) (c) (b) 
0. (@) (a) (b) (b) 


64, (А) - p; (В)-а; (C) - p; (D) - s 
ec (A) - p; (В) - p.q.t.s; (C) - q; (D) - s 
(A) - s; (B) - r; (C) - q; (D) - p 


For Paper - I refer Chemistry Today, March issue. 


Kids who live in neighbourhoods 
with heavy traffic pollution have 
lower IQ and score worse on other 
tests of intelligence and memory 
than children who breathe cleaner 
air, a new study shows. 








Train Your Brain 


uiis exercise wili give your brat the workout it needs. 


DATA 

Speed of light 
Gravitational constant 
Radius of Earth 

Mass of Earth 

Mass of Sun 

Radius of Earth’s orbit 


с = 3.00 x 108 m/s 

G= 6.67 x 10 N-m?/kg? 
Re = 6.38 x 103 km 
Mz = 6.0 х 10%kg 
Mg = 2.0 х 109 kg 

Reg = 1.50 x105 km 


Acceleration due to gravity е = 9.80 m/s? 


Fundamental charge 
Mass of electron 
Mass of proton 
Planck's constant 
Coulomb's constant 
Speed of sound in air 
Energy conversion 


е= 1.60 x 10-9C 
m, 7 9.11 x 10?! kg 
m, = 1.673 x 10?! kg 
h = 6.63 x 10?^Js 


[Ae = 8.99 x10? Jm/C? 


v, = 343 m/s 
1сУ= L6 x 10-19] 





A parallel-plate capacitor holds charge q and is not 
connected to anything. The distance between the 
plates is now increased. The electrical energy stored 
on the capacitor 
(a) decreases 
(c) increases 
(d) can do any of the above, depending on how the 
capacitance changes. 


(b) remains the same 


When an electromagnetic wave goes from one 
medium to another, it undergoes a change in 

(a) amplitude only 

(b) both speed and wavelength 

(c) speed only (d) wavelength only. 


Two identical rooms in a perfectly insulated house 
are connected by an open doorway. The temperature 
in the two rooms are maintained at different values. 
The room which contains more air molecules is 

(a) the one with the higher temperature 

(b) the one with the lower temperature 

(c) theone with the higher pressure 

(d) neither, since both have the same volume. 








Чокыр: Maybe es ore 


Three airplanes A, B and C, each release an object 
from the same altitude and with the same initial speed 
vo With respect to the ground. At the moment their 
object is released, A is flying horizontally, B is flying 
upward at an angle 0 with respect to the horizontal, 
and C is flying at the same angle 0 as B but downward 
with respect to the horizontal. Assuming the ground 
to be horizontal and neglecting any aerodynamical 
effect, the speeds v at which the three objects will hit 
the ground satisfy 
(а) у = vg < vc 
(с) v4 € vg € vc 


(b у> ув = ус 

(d) у= ув = ус. 

Two identical conducting spheres, A and В, carry 

equal electric charge. They are separated by a 

distance much larger than their diameter and exert an 

electrostatic force F on each other. A third identical 

conducting sphere C is initially uncharged and far 

away from A and B. Sphere C is then brought briefly 

into contact with sphere A, then with sphere B, and 

finally removed far away. The electrostatic force 

between A and B is now 

(а) 3F/8  (t)FA2 (с) FA (d) F/16. 

On the ground, the Earth exerts a force Fy on an 

astronaut. The force that the Earth exerts on this 

astronaut inside the Space Shuttle in low Earth orbit, 

300 km above the ground, is 

(a) alittle less than Fy (b) a little more than Р» 

(c) exactly Fy 

(d) zero, since the astronaut is weightless when in 
orbit. 


A person is swinging a ball at the end of a string of 

length / with constant speed v. The work done by the 

tension Т in the string over one revolution is 

(a) 0 (b) mv*/2 (с) 2niT 

(d) undetermined by the information given. 

The pressure exerted by a gas on the walls of the 

vessel that contains it is due to the 

(a) change in kinetic energy of the gas molecules as 
they strike the walls 

(b) collisions between the gas molecules 

(c) repulsive force between the gas molecules 
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(d) change in momentum of the gas molecules as 
they strike the walls. 


A Martian creature similar to an Earth frog jumps 
with an initial speed v, and attains the range R over 
horizontal ground. The maximum possible height 
reached by the creature, neglecting friction in the 
tenuous Martian air, is (6 being the launch angle) 


R 
(a) q tan 9 (b) R sin8 
(c) 5 tano 
(d) undetermined because of missing data. 


The work done to accelerate a truck on a horizontal 

road from rest to speed v 

(a) is less than that required to accelerate it from v 
to 2v 

(b) is equal to that required to accelerate it from v to 
2v 

(c) is more than that required to accelerate it from v 
to 2v 

(d) may be any one of the above since it depends 
on the force acting on the truck and the distance 
over which it acts. 


If the Earth did not rotate on its axis, the magnitude 
of the gravitational acceleration at the Equator would 
be about 

(a) 0.00396 larger (b) 0.3% larger 

(c) 0.396 smaller (d) 0.003% smaller. 


You want to apply a force on a box so that it moves 

with constant speed across a horizontal floor. The 

coefficient of kinetic friction between the box and 

the floor is ш. Of the four following cases, the force 

you apply on the box will be smallest when you 

(a) push on it with a force applied at an angle 
0 « 0 « 90? downward from the horizontal 

(b) pullon it with a force applied at the same angle 
as in (a), upward from the horizontal 

(c) do either (a) or (b) since the applied force is the 
same 

(d) push or pull with a force applied horizontally. 


An electric current runs counterclockwise in a 


rectangular loop around the outside edge ofthis page, | 


which lies flat on your table. A uniform magnetic 


field is then turned on, directed parallel to the page | 


from top to bottom. The magnetic force on the page 
will cause 

(a) the left edge to lift up 

(b) the right edge to lift up 

(c) the top edge to lift up 

(d) the bottom edge to lift up. 

A car has a maximum acceleration of 3.0 m/s?. Its 
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maximum acceleration while towing another car 
twice its mass, assuming no skidding, would be 

(a) 3.0 m/s? (b) 1.5 m/s? 

(c) 1.0 m/s? (d) 0.5 m/s?. 

Two satellites of equal mass, 4 and B, are in 
concentric orbits around the Earth. The distance of B 
from Earth's centre is twice that of 4. The ratio of the 
centripetal force acting on P to that acting on 4 is 
(a) 1 (b) J1/2 (с) 12 (41/4. 

A proton sits at coordinates (х, у) = (0, 0), and ап 
electron at (d, А), where d >> h. At time f = 0, a 
uniform electric field E of unknown magnitude but 
pointing in the positive y direction is turned on. 
Assuming that d is large enough that the proton- 
electron interaction is negligible, the y coordinates 
of the two particles will be equal (at equal time) 

(a) at about y = d/2000 

(b) at an undetermined value since E is unknown 
(c) at about y = 4/43 

(d) none of these 


In the circuit below we increase the resistance Ry. If 
1, is the current through resistor А, (j = 1, 2, 3), then 
R, 





(a) Лапа J, both increase 
(b) Л decreases and /, increases 
(c) Лапа J, both decrease 
(d) J increases and Г, decreases. 


Two carts A and B, are placed on an air track. They 
are made of the same material and look identical. B 
is given a constant speed and collides elastically with 
A at rest. After the collision, both carts move in the 
same direction. One concludes that 

(a) Ais hollow (b) Bis hollow 

(c) A and В are identical 

(d) any of the first three answers is possible. 

The smallest length scale known in physics is 
the Planck length. It is an important ingredient in 
some currrent cosmological theories. Which of the 
following expressions could represent this Planck 
length? (see Data table.) 


(a) Vel /hc (b) Vhc/G (с) VGhe (d) VAGI. 


The Webb space telescope, scheduled to be launched 
in 2010, will have a mirror 6 m in diameter. Compared 








with the Hubble space telescope, whose mirror has 


a 2.4 m diameter, it will be able to resolve objects | 


whose angular separation is about 

(a) 2.5times smaller (b) 5 times smaller 

(c) anorder of magnitude smaller 

(d) the same, the larger mirror only increases the 
amount of light gathered. 


A simple pendulum of length L is suspended from 
the top of a flat beam of thickness 7/2. The bob is 
pulled away from the beam so that it makes an angle 
0 « 30? with the vertical, as shown in the figure. It is 
then released from rest. If is the maximum angular 
deflection to the right, then 





(b) 
(d) o>20 


(a) 9-8 $ «0 
(c) 9<ф < 20 
In the diagram below, light is incident on the interface 
between media 1 and 2 at exactly the critical angle, 
and is totally reflected. The light is then also totally 
reflected at the interface between media 1 and 3, after 
which it travels in a direction opposite to its initial 
direction. The two interfaces are perpendicular. The 
media must have a refraction index n such that 


us 

(b) n -n>m 

(d mmm" 

For the sake of science a physicist jumps attached to 
the end of a bungee cord, carrying sound measuring 
equipment. As he swings up and down vertically 
with a period of 6.0 s, he monitors the frequency of 
a sound source on the ground directly below him, 
and observes a difference of 84 Hz between the 
maximum and minimum frequency of the source. If 
the source emits at a constant 1370 Hz, and assuming 
no significant attenuation of his oscillations over the 


(a) n< m< m 
(с) n =m >n 


work W she does on it ? 

(a) F=OandW=0 (b) F#0andW=0 

(с) F=OandW+0 (d) FzO0andWzo. 

A magnet moves inside a coil. Which ofthe following 
factors can affect the emf induced in the coil? 

І The speed at which the magnet moves 

П. The strength of the magnet 


III. The number of turns in the coil 
(a) Ionly (b) land II only 
(с) 


П and Ш only (d) I, Шапа III. 


At TRIUMF, a large experimental particle and nuclear 
physics research facility on the campus of the University 
of British Columbia, one major programme involves the 
production of intense beams of unstable isotopes of alkali 
atoms (potassium K, rubidium Rb, francium Fr). These 
have the advantage that since their valence shell contains 
only one electron, their closed shell structure when they 
are ionised simplifies calculations. Many isotopes are 
produced when bombarding a calcium oxide target with 
0.5 GeV protons from the TRIUMF accelerator. Until 
recently, the desired isotope was selected by means of 
the TRIUMF Isotope Separator On-Line (TISOL) now 
decommissioned and replaced by a combined separator/ 
accelerator called ISAC—and sent as a low-speed beam 
to experimental areas. You are asked to design a (much) 
simplified version of TISOL. More specifically, you 
want to select ЗК ions whose energy is 20 keV. ЗК has a 
mass of 6.3 x 10726 kg. Separation should proceed in two 
steps, as illustrated below. 


38K 


(i) Velocity 


delector (ii) Mass separator 


The figure shows the desired path of a 20 keV *8K ion 
through the system. This path is to be achieved by means 
of suitable uniform time-independent electromagnetic 
fields. Interactions between ions can be neglected here. 


duration of the measurements, the amplitude of his | (a) In the first step, out of all ions (33K or not) entering 


oscillations is closest to 

(а) 10m (6) 20 т (с) 32m (0 15 m. 

A person pulls а box along ће ground at constant 
speed. Considering the Earth and the box together as 
a system. Which of the following is true about the net 
force F exerted by the person on this system and the 








the velocity selector from the left, only those that 
have a speed corresponding to a 20 keV ЗК ion 
should be undeflected. Suggest a field configuration 
that can do this, draw a sketch showing the direction 
of the field(s), and derive as much information as 
you can about the magnitude of the field(s). 


PHYSICS FOR YOU | MARCH '08 








v is velocity of electromagnetic wave in medium 
* с=з; у= vÀ 


Ao is wavelength of electromagnetic wave in vacuum 
À is wavelength of electromagnetic wave in medium. 

. From (i) and (ii) it is clear that, as electromagnetic 
wave goes from one medium to another, it suffers a 
change in speed and wavelength, while frequency 


remains constant. 
э. (b) 


For 4, u,=0; .* v~u = 2а5 


wy - 07 2ayh; vy = 2gh 
Y= Wt, = J2gh +v 
Бот В, шу = twgsinO 
vy’ — uy? = ah 
v? – (у5110} = 2gh 
v2 = wsin?0 + 2gh 


Vg = JI? T у;? 
= Jo sin? 0 + 2gh)+ (уо cos0)? 


радува o oe oux (ii) 
For С, иу = – wsin0; Now, v?^—u? = 2a,h 
v? — (уіп) = 2gh;  v?-vwsin?0 + 2gh 


Ve = Ve + vy, 
= (v, cos)? + (v? sin? 0 + 2gh) 
poor ан о Мааа: (iii) 


From (i), (ii) and (iii), we have 
Уд = Vg = Vc 
Hence, option (d) is correct. 








Let initial charge on identical spheres A and B are, 
44=9; dp-d. 

-. Force experienced by А and B due to one another is, 
F- — Ml Cc dmn (i) 


y 
According to question, initial charge on third identical 











sphere C is zero, i.e., gc = 0. 
When C is in contact with A, 
4+0_4 
qc = Q4 = 2 = 2 
When C is in contact with В, 
q 
coii bci 
dc = 9в = 2 "1 
Now, charges on A and B after contact with C are 








1 and “4 respectively. 


-. Force between A and B is now, 


k.4.34 2 

F243 Kg [using (1)] 

22 SEE 
3 ; КЗ 
^'zzp. F'z— 

Ser S 

Force experienced by astronaut at the ground, 
ES GMm 
0 R? 


where, т = mass of astroanaut, М = mass of earth, 
R = radius of earth 
Now, force experienced by astronaut at a height Л above 

















ground is, 
__GMm_. &__СМт /GMm 
"(Reb B (R+hy/ R 
in’ et 
К, (К+)? K (Rth) | h i 
R di s) 
ЕЕЕ, 
A ltg - І-т (for h much less than R) 
5,-n(-25; F,«F, 
Displacement of ball in one revolution is 
Zero. 
. Work done is zero 


Pressure, Р сс Force (F) 
Ви, F« Е (Rate of change of momentum) 
^ Рес Ap. 


Range, R -= — tsps (i) 
Maximum possible height, 
2) 
. vo sin’ Ө y, 
H= Big Fae i (и) 
Dividing (ii) by (i) we get, 
D sin’ Ө 
Н _ 22 . Sin8.sinO 
К 2wsin0cos0 45іпӨсоѕ0 
8 
del ж: 00. pp = Rtand 
R^ 4 tano. e EX 
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" C=VAg3 V=VA 


Ay is wavelength of electromagnetic wave in vacuum 
А. is wavelength of electromagnetic wave in medium. 

‘. From (i) and (ii) it is clear that, as electromagnetic 
wave goes from one medium to another, it suffers a 
change in speed and wavelength, while frequency 
remains constant. 





b. 
For 4,u.=0; - v-—1?-2as 
v, = 0 = 2ayh; v? = 2gh 
ie Jv? GUI IM J2gh + vs 
v, =v +2gh 
For В, и, = twin 


vy —uy —2ayh 
vy? — (vosin®)? = 2gh 
v? = wsin?0 + 2gh 





= (v sin? 6 + 2gh) + (v, сов0)? 
ТЕЧ Ups "E Ton Ин» Aui 
Бог С, uy=—vosin®; Now, v?-u? = 2ah 

v?-(-wsinOP = 200; v = vsin?0 + 2gh 


ус = 4v ev? 
pq. У 


= |/(ъусоз@)? + (v,? sin? 0 + 2gh) 


oe eee ee, И ане (iii) 
From (i), (ii) and (iii), we have 
Vac Va VG 


Hence, option (d) is correct. 





Let initial charge on identical spheres A and B are, 
d4^74: Qqg-d. 

2. Force experienced by A and B due to one another is, 
E Kg dg | 


Ah © XL. Ы сет РТ ABL эзе; 


2 
According to question, initial charge on third identical 





sphere C is zero, ie., qc = 0. 
When C is in contact with A, 








+0 
When C is in contact with B, 
g 
+q 3 
Ic = Wp = 2 CE = 
Now, charges on Æ and B after contact with C are 
4 29 respectively. 
2 and = pectively. 
-. Force between A and B is now, 
K.4.24 2 
FA. E ка [using (i)] 
? г 
„Ж. e 
Е = 3 F; F= 8 


Force experienced by astronaut at the ground, 
GMm 


2 





Е, = 
where, т = mass of astroanaut, М = mass of earth, 
R = radius of earth 

Now, force experienced by astronaut at a height Л above 





ground is, 
GMm . ^|. GMm [СМт 
(R+hy Б (В+) R 
| DER E 
FO (R+hy A су (+4) 
R R 


B. (lk E 2h) 
F -(i Fo = |1 — 4 }(for h much less than R) 
9 
5 - n(i-25; F< Fo 
Displacement of ball in one revolution is 
Zero. 


*. Work done is zero 

Pressure, Р œ Force (F) 
But, F œ SE (Rate of change of momentum) 
^ Pœ Ap. 








E 2v, = Өс», (i) 
Maximum possible height, 
' n2 
_ Ул sin” Ө к 
Н = a QAUM MU SS (ii) 
Dividing (ii) by (i) we get, 
v, sin^8 
H. 2g _ SinO.sin0 
R 2v? sinOcosO = 4sinOcos0 
i 6 
H_1 : н = Rtane 
R^ tanO ; 4 
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10. (а) : Work done = Change in kinetic energy 
Case I: K,=0; K ;=5 mv’: AK - im 


1 1 
Case Il z K; = Іти; K; = 5mQv) = 4.7 mv! 
ed MM GNE 
Ш Аса УУ mv 
а ОНА 


Value of acceleration due to gravily on its 
equator is 


; AK = эту? 
2,73W, ie. maa 


g=g-wR 
As earth stops rotating, value of g increases by œR 
* Y increase in g= = x100 
.[2n| x8 
-(2 | х xExi00 
4n ‚„ $38x10* у) 
© (24x60x60) 9.80 
_ 4х9.86 xé 38x10* 
(86400; 9.80 
= LAX9B6 638 „үгө 4х986х638 e 
746496x10* 980 746496 x 980 ^ 
= 3.44 x I0? x 102 = 0.34% 
/. g increases by 0.3% 
12. (b) : Case 1 : When push or pull (F) is horizontal. 
iN 
F 
Л 
mg 
iets e re (i) 


Case II : When push on the block is downward at angle 
0 « 0 < 90? with horizontal. 





N-mg- Fsin6 ~. f; — (те + Е sin Ө) we (li) 
Case III : When pull F on the block is upward at angle 0 
(0 < 0 < 90°) with horizontal 
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N= (mg -F sin Ө) 
А =U,(mg — F sin Ө) Ха) 
then, f, € f, < f;. Hence, option (b) is correct 


13. (е) : Use Fleming left hand rule. 
Е = та 
шй = 2 ; 
а= — 3.0m/s (1) 
where m is mass of car. 
In towing another car of mass 2m. 


; 35 Ese oss 
acceleration of car, a’ = (m+2m) 
Е. (Е) 1.30 ws? 
quem сега. 
. d = 1.9 m/s? 


Centripetal force is balanced by gravitational 
force of acceleration 





СМт.. 
i-i CO 
Е, GMm maj \ rg 
ry 
As m, = mg and rg = 2r, 
F. mfr, Me [31V Е, 
к etos See =a 


16. (d) : Proton moves along the direction of E. Electron 
moves opposite to the direction of E. 

17. (€) : As R, increases, J, decreases. Further increase 
in effective resistance, decreases current through the 
circuit. 


18. (a) : I 


B A 
(Rest) 


In elastic collision, velocity of body B after collision 
is, 


LG т,)ш , 2ти, 
ge mtm, mcm, 
Here, m, = mg, т = m, 
u = У, Uy = 0; Vi = Vp 


| (my —m Д 


BT -x 


Че " _ (mg - m4)v 
mg tm, BE 


(mg + m,) 
According to question, both blocks moves in same 


direction. 
i.e. vg is positive. or vg > 0; 
i.e. Mg > M4. 
*. Block A may be hollow. 
А] = ML?T; [c] = LT 
[G] = MÀ PT? 


mg—m,^0 





[MLT] MILT 
e i= pe = у? 


B —5 =L = Dimension of length. 
Hence, option (d) is correct. 


Angular separation of telescope, Ө = 2 
d is diameter of mirror of telescope. 


d 





At A, K.E = 0, РЕ = те[1,.— L cos Ө] 
P.E = mgL(1 — cos 0) 
Total energy at А, Е, = КЕ + РЕ 
Е, = mgL(1 — cos Ө) wei) 
At B, K.E-0 
PE= mg| 4 -Lose]- mg E(1 -- cos qd!) 
Total ind Sm j 





"me: energy 1s conserved. 
uv By=E 


= mgL(l-cos0)- zea —cosQ) 


1— созе = Icone 


2—2 созӨ = 1 — соѕ ф 
2 cos8 — соѕф = 1 


2 соѕ0 = 1 + соѕ ф 


ROE 1+ соѕф 





 0<ф< 20 


Hence option (с) is correct. 





For refraction at (1-2) interface, 

n, Sin C, =n, sin 90° 

sinC, = a A (0) 
For refraction at (1 - 3) interface, 

7; sin C; =n, sin 90° 
ns 


sinC, = 
n 


Now from the diagram, it is clear that 





C, + C, - 90? 
= (90° - Су) 
From (ii) sin(90°- C,) = = 


п n 
cosC, = =$ -...(iii) 
Squaring and adding (i) and (ш) we get 
2 2 
sin? C, + cos? C, = as 
н т 


> nl -n =n, = 
Hence option (c) is correct. 
_ 09(330+ v) 


v = velocity of the observer 
330(0 — Vo) = Vo.v 








330-84 = 1370 v А 
у = 20.23 m/s 
= phi Ж= шогу -2046-20m 
? 
Amplitude is ^ im =10т. 
R 
box F 
Earth 
mg 


Assume that there is no friction F = 0 because 
once the box has started moving, it is moving 
with a constant velocity. mg is acting down and 
R = mg. No work is done because unless the body 
is lifted, there is no work done, once motion has 
started. 

25. (d) 

Problem 1 

(a) As shown in the figure below, we can use a 
uniform electric field, E , directed downward in the 
plane of the page, and a uniform magnetic field, 
B,, directed into the page. (E directed upward and B, 
out of the page will also work.) 





(i) Velocity selector 


Since the alkali ions all have positive charge e, they 
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experience 

e an electric force F; = eE, directed downward in 
the plane of the page 

e a magnetic force Fy = еу x B,, where v is the 
velocity of an ion. From the right-hand rule 
for vector products, it is directed upward in the 


plane of the page, for v directed to the right, the 


magnitude of F„ is simply evB. 
Fora given velocity v}, there exist magnitudes of E and 
B, such that the magnetic and electric forces balance 
each other. This condition is achieved when Е, = Fe 
or eE = ev,B,. Then all ions which have speed 
a 
when they enter the velocity selector will not be 
deflected. Ions with othér speeds will be deflected and 
can be extracted. from the initial beam. Only the ratio 
E / B is determined by the condition 
E ZA 
B Y т, 
where m, is the mass of a “К ion and К = m,vè/2. 
Then, Ё үе 10^eVy(1.6x10 C) 
B 6.3x10 kg 
—3 x 10° m/s 
Note that this value is much smaller than the speed of 
light, consistent with our ignoring relativistic effects. 





(b) In this case, the uniform magnetic field B, directed 
into the page, as shown in the figure below, exerts a 
centripetal force F, on incoming ions, giving them a 
circular trajectory of radius R. It does not change their 
energy (and speed) since magnetic fields do no work. 
The direction of deflection of the ions is determined 
from the right-hand rule applied to F, = «v, x В,. 





(ii) Mass separator 


Since у, and В, are perpendicular, we have Е, = ev,B,. 
Using the general expression for a centripetal force, 
Е, = тур! R, where m is the mass of an ion, we 
obtain 


All incoming ions having the same speed, to each ionic 
mass in the beam will correspond one value of R in 
a given magnetic field. If only *K ions are to have a 
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| trajectory with radius of curvature R,, we should use 


a field 





_ mv, ] | 2myK, 
^ eR RN е 
With the data supplied, we have 
_ 1. [2Ko(eV) 
RN 2/ tty 


2.1m‘) (1.6x10^? C)/(6.3 x10 kg) 


?robiem 2 
If the high tides in the Bay of Fundy are caused by 
a resonance mechanism, it must be because the tidal 
forces from the Moon driving seawater in and out of 
the bay are exciting one of its standing wave modes. 
The rise and fall of the tide can be modelled by a wave 
with extremely long wavelength propagating on the 
water. The boundary conditions at the mouth and the 
far end of the bay mimic those of a standing wave on 
a string with on end fixed (mouth), where the vertical 
displacement is minimum, and the other free (far end). 
where displacement is maximum. This mode would 
have a wavelength A = 4L, where L is the length of the 
string or, here, the length of the bay L = 260 km. 
with v = 25 m/s the speed of the waves, their period is 
A 4L 4(2.60x10 m) 
v v 7^ ms 

= 11.6 hours 


B, Ky in eV 


Pe = 4.16 x10*s 


Now we expect the period of the tides to be about 
12.4 hours. Indeed, if the Moon had a fixed position 


| with respect to the Earth, the two tidal bulges (high 


tides) on Earth would move in the direction opposite 
the Earth's rotation with one passing through a given 
position every 12 hours. But the Moon moves in its 
own orbit with the Earth's rotation with an average 
period of about 29 days, i.e. 6.2? in the sky every 
12 hours or 720 minutes. Therefore, it takes 
25 minutes for the Moon to cover that angular distance, 
and this increases the tidal period to 12.4 hours. 


We have found that the period with which the water 
sloshes back and forth in the bay due to the Moon's 


| tidal force is comparable to the period of the 


fundamental resonance mode for our admittedly crude 
model of the Bay of Fundy. Given the approximations 
involved, this is quite a good match, and it is likely 
that this resonance mechanism can explain why the 
tides are amplified. 





Prob:^m 
(a) We are looking for a configuration where the 
telescope, the Earth and the Sun maintain the same 
relative positions in a coordinate system rotating at 
constant angular velocity w. In other words, in that | 
rotating system, the telescope has the following net 
acceleration 





where the + sign is to be used when x > R and the — sign 
when x < А, (Technical point: since we are working in 
the non-inertial frame rotating with angular velocity 
(, an extra pseudo-acceleration (Coriolis) term 
dependent on dx / dt should also be present. With our | 
assumption of a circular orbit, however, dx / dt = 0, | 
and the Coriolis term does not contribute.) | 
The condition that a vanishes then reads | 
> _GM,, GM, 
ox = —— t — | 
х  (R+x) 

(b) Using Kepler’s Third Law, GM, = œR’, and 
introducing the parameter «= М/М,, we can eliminate 
œ and M, 





aR? 
A a 
x (Rx) 
Multiplying by x/R, and rearranging yields, with 
u=x/R 





au? 


(ltu) | 
(c) From the result in (a), there should be a point L, | 
on the axis between the Earth and the Sun where the | 
condition that the centrifugal acceleration wx, equals 
the net gravitational acceleration (which is smaller | 
than that due to the Sun) can be satisfied for a value of | 


и? -1=+ 





Rs.150 Rs. 275 





Available at all leading 
magazine stands 


о equal to the Earth's, so that x. < А. Since the mass of 


| the Earth is over 300000 times smaller than the Sun's, 


L, should not be very far from Earth. It is actually 1.5 
million km away, one hundred times closer than the 
Sun. Conversely, the same condition will be satisfied 
at a point L, a bit farther than the Earth's orbit, where 
this time the gravitational attractions of Sun and Earth 
add, so that x, ^ R. L, should be (and is) at about the 
same distance from the Earth's orbit as Г. 

Finally, ata point L4 on the other side of Sun, the condition 
is also satisfied where the gravitational acceleration 
due to the Sun's and the Earth's gravity reinforcing 
each other equals œx,. Since Earth is much farther 


| from L; than from L,, L, should be much closer to А 


than L,. It is a good place to hide from Earth. 





(d) The point labelled L, in the figure will be suitable for 
the telescope. A heat screen attached to the telescope 
will shield it from heat radiated by both Earth and 
Sun since they are always aligned as viewed from 


| Lj, leaving the rest of the sky unobstructed for 
| observation. 


(e) Since the system shown in the figure is symmetric 
about the x axis, Lagrange points off the axis must 
come in pairs. So the minimum number is two. In 
fact, Lagrange found one pair of solutions off the axis, 
for a total of five. 
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Which one of the following is not a unit of time? 
(a) Lunar month (b) Leap year 


(c) Parsec (d) Solar day 
Suppose refractive index | is given as 
и= 4+ a 


where A and B are constants and A is wavelength, 
then dimensions of B are same as that of 

(a) wavelength (b) volume 

(c) pressure (d) area 


The vector sum of two forces is perpendicular to 
their vector differences. In that case, the forces 

(a) can not be predicted 

(b) are perpendicular to each other 

(c) are equal to each other in magnitude 

(d) are not equal to each other in magnitude 


A body is allowed to fall from a height of 100 m. 

If the time taken for the first 50 m is ¢,, and for the 
remaining 50 m is 4, then 

@4=h (b 4>h (сл<% 

(d) depends upon the mass 

The displacement time graphs of two bodies A and B 
are shown in figure. The ratio of velocity of A, v, to 
velocity of B, vg is 





1 
Q 5 5 o3 @3 
A projectile is thrown at an angle of 40? with the 
horizontal and its range is R,. Another projectile is 
thrown at an angle 40? with the vertical and its range 
is R}. What is the relation between №; and R;? 


(а) К, =R: (b) А = 2А, 
(с) R,=2R, (d) R- $ 
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Two masses M, = 5 kg and M, = 10 kg are connected 
at the ends of an inextensible string passing over a 
frictionless pulley as shown. When the masses are 
released, then the acceleration of the masses will be 


(a) g (b) g/2 (с) 23 (0 8/4 

A block of mass m is pulled along а horizontal 
surface by applying a force at an angle 0 with the 
horizontal. If the block travels with a uniform 
velocity and has a displacement d and the 
coefficient of friction is y, then the work done by the 
applied force is 


umgd mgd соѕӨ 
(a) cos 0 -- џи sinO (b) cos 6+ р sin 
: mgd cos Ө 
(c) umgd sino (d) umg 


cos 0 - sin€ cos 0 — р sinG 


Consider a car moving along a straight horizontal 
road with a speed of 72 km/h. If the coefficient of 
static friction between road and tyres is 0.5, the 
shortest distance in which the car can be stopped is 
(a) 30m (b) 40m (c) 72m  (d)20m 
Three point masses, each of mass m, are placed at the 
corner of an equilateral triangle of side /. Then the 
moment of inertia of this system about an axis along 
one side of the triangle is 


(a) Зи (b) m? — (узт? (à) im 


The moment of inertia of a body about a given axis 
is 1.2 kg m7. Initially, the body is at rest. In order to 
produce a rotational kinetic energy of 1500 joule, an 
angular acceleration of 25 rad/sec? must be applied 
about that axis for a duration of 


(а) 45я (Ы) 2s (с) 8s (0) 105 


If the metal bob of a simple pendulum is replaced by 
a wooden bob, then its time period will 





(a) increase 
(c) remain the same 


(b) decrease 
(d) be first (a) then (b) 


The acceleration due to gravity is g at a point r distant 
from the centre of earth of radius R. If r < R, then 
(а) ger (b g«r (o)ger'(dger? 
The escape velocity for a body projected vertically 
upwards from the surface of earth is 11 km/sec. If the 
body is projected at an angle of 45? with the vertical, 
the escape velocity will be 


(a) 11/42 km/sec (b) 11/2 km/sec 
(c) 2 km/sec (d) 11 km/sec 


A block of weight W produces an extension of 
9 cm when it is hung by an elastic spring of length 
60 cm and is in equilibrium. The spring is cut into 
two parts, one of length 40 cm and the other of length 
20 cm. The same load W hangs in equilibrium 
supported by both parts as shown in figure. The 
extension in cm now is 


27774 


a z| 20 cm 
Jr) 
(a) 9 (b) 6 (с) 3 (d) 2 


Two capillaries of length Z and 2L and of radii R 
and 2R are connected in series. The net rate of flow 
of fluid through them will be (given rate of the flow 
through single capillary X = rPR^/8nL) 

& 
@ ёх (€ $X oix (iX 


Pressure versus temperature graph of an ideal gas is 
as shown in figure. Density of the gas at point A is ре. 
Density at point B will be 





(c) (d) 2р, 


iP 
The latent heat of vaporisation of a substance is 
always 

(a) greater than its latent heat of fusion 

(b) greater than its latent heat of sublimation 

(c) equal to its latent heat of sublimation 

(d) less than its latent heat of fusion 


(а) ёр, (5 ёр, 


| 














A reversible engine converts one-sixth of the heat 
input into work. When the temperature of the sink 
is reduced by 62°C, the efficiency of the engine is 
doubled. The temperatures of the source and sink are 
(a) 99°C, 37°C (b) 80°C, 37°C 

(c) 95°C, 37°C (d) 90°C, 37°C 

Graph of specific heat at constant volume for a 
monoatomic gas is 


x 3R 
(a) СИ 


T —> 


| E | 
(с) ©] з= (d) “v 
T —» 


If the displacement (х) and velocity у of a particle 
executing simple harmonic motion are related 
through the expression 42 = 25 — x? then its time 
period is 

(а) x (b) 2л (c) 4n (d) бл 

A pendulum suspended from the roof of an 
elevator at rest has a time period 7j, when the 
elevator moves up with an acceleration а its time 
period becomes 75, when the elevator moves down 
with an acceleration a, its time period becomes 73, 





then 

(а) T, «(I,T) () T= T+T) 

(с) T DIA (d) f th 

c 1 = none o ese 
JEn 


Inasinusoidal wave, the time required for a particular 
point to move from maximum displacement to zero 
displacement is 0.17 sec. The frequency ofthe wave 
is 

(a) 1.47 Hz(b) 0.36 Hz (c) 0.73 Hz(d) 2.94 Hz 
Stationary waves of frequency 300 Hz are formed in 
a medium in which the velocity of sound is 1200 m/s. 
The distance between a node and neighbouring 
antinode is 

(a) 1 m (b) 2m (c)3m  (d4m 

The refractive index of water with respect to air is 
4/3 and the refractive index of glass with respect to 
air is 3/2. Then the refractive index of water with 
respect to glass is 
(a) 9/8 (b) 8/9 


(с) 12 (42 
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If one face of a prism of prism angle 30° and и = J2 

is silvered, the incident ray retraces its initial path. 
The angle of incidence is 

(a) 60? (b) 30? (c) 45? (d) 90° 

A paper with two marks having separation dis held 
normal to the line of sight of an observer at a distance 
of 50 m. The diameter of the eye lens of the observer 
is 2 mm. Which of the following is the least value of 
d, so that the marks can be seen as separate? Mean 
wavelength of visible light may be taken 5000 À 

(a) 0.125 cm (b) 1.225 cm 

(c) 1.525 cm (d) 2.125 cm 


A beam of light of wavelength 600 nm from a 
distant source falls on a single slit 1.00 mm wide 
and the resulting diffraction pattern is observed on a 
screen 2 m away. The distance between the first dark 
fringes on either side of the central bright fringe is 
(а) 1.2 ст (b) 1.2mm (с) 24 em (d) 2.4 mm 
A Nicol prism is based on the principle of 

(a) refraction (b) scattering 

(c) dichroism (d) double refraction 


Four charges are arranged at the corners of a square 
ABCD as shown in the figure. The force on the 
positive charge kept at the centre O is 

Tg +24 





(а) zero (b) along the diagonal AC 
(c) along the diagonal BD 
(d) perpendicular to side AB 

. Electric potential at any point is V = —5x -3y + V15z 
then the magnitude of electric field is 
(a) 3/2 (Ы) 42. (е) 54/2 @7 
A network of four capacitors of capacity equal to 
C, = C, C; = 2C, Сз = 3С and C, = 4C are connected 
to a battery as shown in the figure. The ratio of the 
charges on C; and C, is 


ur 
= 


(a) 47 (Ы) 322 (е) 74 (Ф 22/3 
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The number of dry cells, each of e.m.f. 1.5 volt and 

internal resistance 0.5 Q that must be joined in series 

with a resistance of 20 ohm so as to send a current of 

0.6 ampere through the circuit is 

(a) 2 (b) 8 (c) 10 (d) 12 

In an experiment to measure the internal resistance 

of a cell by a potentiometer, it is found that the 

balance point is at a length of 2 m, when the cell is 

shunted by a 5 Q resistance and at a length of 3 m, 

when the cell is shunted by a 10 Q resistance. The 

internal resistance of the cell is then 

(а) 152 (b) 109 (0) 159 (d)1Q 

The temperature of inversion of а thermocouple is 

620°C and the neutral temperature is 300°C. What is 

the temperature of cold junction? 

(a) 320°C (b) 20°C (с) —0?C (d) 40°C 

Two infinitely long parallel wires carry equal currents 

in same direction. The magnetic field at a mid point 

in between the two wires is 

(a) square of the magnetic field produced due to 
each of the wires 

(b) half of the magnetic field produced due to each 
of the wires 

(c) twice the magnetic field produced due to each of 
the wires 

(d) zero 


An arc of a circle of radius А subtends an angle z at 
the centre. It carries a current J. The magnetic field at 
the centre will be 


ШИ I 2ugl 
(b) Ly (с) Бо. (d) 2 


I 
@ 5% 
A transformer with efficiency 80% works at 4 kW 
and 100 V. If the secondary voltage is 200 V, then 
the primary and secondary currents are respectively 
(а) 40А, 16А (b) 16А, 40А 
(с) 20А, 40А (d) 40А, 20А 
If N is ће number of turns in a coil, the value of self- 
inductance varies as 
(a) № (b) N (с) M (d) N? 
A particle A has charge +q and a particle В has 
charge +44 with each of them having the same mass 
m. When allowed to fall from rest, the ratio of their 
speeds v,/vg will become 
(а) 2:1 (b) 1:2 (01:4 (d)4:1 
The energy of a photon is equal to the kinetic energy 
of a proton. The energy of the photon is E. Let A, 
be the de Broglie wavelength of the proton and A; 
be the wavelength of the photon. The ratio A,/A, is 








proportional to 

(a) E? (b) E? (с) E (d) E? 

The moment of momentum for an electron in second 
orbit of hydrogen atom as per Bohr's model is 


h 2h T 
OE 02 OF OF 


The angular speed of the electron in the n® orbit of 
Bohr's hydrogen atom is 

(a) directly proportional to n 

(b) inversely proportional to Jn 

(c) inversely proportional to л? 

(d) inversely proportional to и? 


In hydrogen spectrum, the shortest wavelength in 
Balmer series is А. The shortest wavelength in 
Brackett series will be 

(a) 2A (b) 4A (c) 9A (d) 16А 

An element with atomic number Z = 11 emits K, 
X-ray of wavelength A, then the atomic number of the 
element which emits K, X-ray of wavelength 4A is 
(a) 11 (b) 44 (c) 6 (d) 5 

If №, is the original mass of the substance of half 
life period 5 years, then the amount of substance left 
after 15 years is 

(a) Ny2 (b) Ny3 (0) №4 (d) Ny8 

The current gain for transistor working as common 
base amplifier is 0.96. If the emitter current is 7.2 mA, 
then the base current is 

(a) 0.29 mA (b) 0.35 mA 

(c) 0.39 mA (d) 0.43 mA 


The electrical conductivity of a semiconductor 
increases when electromagnetic radiation of 
wavelength shorter than 2480 nm is incident on it. 
The band gap (in eV) for the semiconductor is 

(a) 0.9 (b) 0.7 (c) 0.5 (d) 0.1 

The combination of the gates shown in the figure 
below produces 


A 


B 


(a) NOR gate (b) AND gate 

(c) OR gate (d) NAND gate 

A message signal of frequency 10 kHz and peak 
voltage of 10 volts is used to modulate a carrier of 
frequency 1 MHz and peak voltage of 20 volts. The 


modulation index is 
(a) 0.5 (b) 1 (c) 1.5 (d) 12 





Parsec is a unit of distance. 
. velocity of light in vacuum 
AS H= Velocity of light in medium 
dimensionless. Thus each term on the RHS of given 
equation should be dimensionless. 


: В is dimensionless, i.e., В should have 
A 


, hence p 1s 


dimensions of А2, i.e., cm?, i.e., area. 


S=F,+F, and D-E-F, 
As two vectors are perpendicular to each other, 
hence S.D-0 
or (E-E)(F-F)-0 
or (Éy-Q3)-0 
or [А Р-15 0 


or |АРыАр ог [А|=15| 
lace 
5= 581 
or {2 _ 50х2 _ 100 or “4 = 10 
gE В ры 


104/2 


150 
and 100=—gt* or t=- 
$ ve 


b =t-h = g? 0.47 ie., t. > ty 


Velocity is the slope of the displacement time 
graph i 
¥4_tan30° _ (1/43) | 
vg tan60° (43). 3 
R is same for both 0 and (90? — 0). 
If angle w.rt. vertical is 40? then w.r.t. horizontal 
direction it will be 90? — 40° = 50°. 
Since M, > M}, therefore М, moves downwards 
and М, moves upwards with an acceleration a as 
shown in the figure. 


//////////////////////. 





| Ат | 
T a 
Mg 
е Mog 


Free body diagram of М, 
T 


17 


M 
Mg 
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10. (c) : 


The equation of motion for M, is 
T-M i= M 14 
Free body diagram of М» 





The equation of motion for M, is 


Mig T Ve ae (ii) 
Adding (i) and (ii), we get 
„2(М2-М)е (10-58 8 
M +M; (10+5) 3 


Because the block moves with a uniform 
velocity, the resultant force is zero. Resolving F into 
horizontal component F соѕ and vertical component 
Е sinO, we get 


R+FsinO=mg or Ё = тр -– Е ѕіпӨ 
Alsof = LR = u(mg — Fsin9) 
But Fcos0 =f 


or Fcos® = (те — FsinO) 
or F(cos0 + и sin 0) = umg 
= umg 
Sy cosÓ + рѕіпӨ 


А+ Е ѕіпӨ 





mg 
Work W = Fs cos8 
: _ тей cos8 
~ соѕ9 + р ѕ110 
Initial kinetic energy of ће саг = Іту 
Work done against friction = umgs 
From conservation of energy 


("== 4) 


1 
umgs = уту? or s = (v*/2ug) 
Stopping distance, s = (v?/2ug) 


Given, у = 72 km/h = 72x = = 20 m/s 


u=0.5 and g=10 ms? 
2 20X20 
$7 7Xx0.5x10 шш: 
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13. 


Moment of inertia about BC is 
Igc = m(0Y + m(0)? + m(4DY 


Since 
ар РЕТ 
ү ü Ar 2 


Similarly, we find the moment of inertia about AB is 
Гв = m(0y + т(0)? + m(CEY. 





In right angle ABEC 
sin 60? — CE _ CE or СЕ = І sin 60? 
ВС 1 
ог СЕ = №] 
2 
(o ja Ne 2 
Ps =m $1) = amd 


Moment of inertia along AC is Гс 
= m(0)? + m(0)? + m(BFY 
In right angle ABFC 





sin60° = 2E А ог BF = | sin 60° 
or вғ=1%3 
4c = m( 3.) = am 
K, : lm = tror) = ro 
1500 = 5x 1.2 х Q5 2 


or 2-4 ог t-2s 


Time period of a simple pendulum is 


T= 2 j1 
g 


Time period ofa simple pendulum is independent on 
the material of the bob. Hence when a metal bob is 
replaced by a wooden bob its time period remains the 
same. 
(a) 

_ |2GM, 
e R, 
Since the escape velocity is independent of 
direction of projection, therefore escape velocity 
of the body, projected at an angle of 45° with the 
vertical will be same, i.e., 11 km/sec. 

Spring constant for original spring be К (say) 


W=(k x 9) or =2— 
As spring constant is inversely proportional to length, 


so spring constant for spring of k and for spring of 
20 cm length = 3k. 


v 








| 


20 


Spring constant of combination of two shorter 
S 


9k 
$F 43k = 2h 2 
cc Же; , 
W 2e ), or 9k = kx 
ox =2 ст 


Fluid resistance is given by 
ER 


When two E. ít i same size are connected 
in series, then equivalent fluid resistance is 





LZ 2L | 8nL 
ME Ir E E 
Rate of flow ELS 
=$% |a x= 30 | 
=" or -E 





(a) 
ape Wes dq 

(2j n =1 T, Q 6 

or 574-6T;,-0 (1) 
T, —62 1 

T, =1- T, =2 =з 

or 2Tg - 3T; =— 186 ...(ii) 


Solving (1) and (ii), we get 
Tg = 372 К = 99°C 
T, = 27, -2x32K -310K =37°C 
According to first law of thermodynamics 


AQ = AU + PAV 
If AQ is absorbed at constant volume, AV = 0 


C 6) [55 _ AU 
т СВЕ АТ j, АТ 


for an ideal LI gas 


AU _3 
AT Y epo 
402 =25—? 
Differentiating, 4| 2у. dv \__„ ах 
dt dt 














йу __ ee = 
or Ыла x К zm =v] 
dx 
or 4a=-x (3-4) 
or a--ix 
3d —2®_ 21 = 4m sec 
RENT 
Fg 2 
T, =2n $ e Е 
g т 
^ 1 4n 
T,::2n1 TUR or Т? =g+a 
T, =2n 1 С. an B- 
g-a T. 
2 2 2 
an an. 2g where g EU 
ne Y 
Solving we get, 7 = V257, 
f TOTIS 


Here, time for maximum displacement, t= 0.17 
sec. Time period Т for one vibration 
= 4t= 4 x 0.17 = 0.68 sec 


1 а= 
Frequency = time period (T) - D 88 К 
velocity 1200 m/s 
Wavelength A= frequency 300 Hz Fé. e 


The distance between a node and neighbouring 


antinode is А. lm 


Given : =; “=з; au, =? 
ар, X "р, = “Wy 
or “u Жу =3/2 „2 
E “LL, 4/3 8 
l R 





g = = ——— — 
т (9/8) 9 
It is clear from the figure that the ray will 
retrace the path when the refracted ray QR is incident 
normally on the polished surface AC. Thus angle of 
refraction r = 30° 


A 
Ў 






V Of + 
В С 
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u = sini/sinr 


*. sini = psinr 
sini = V2 x sin30° ху — 43) 
[= 45° 


Given: Separation between marks = d; Distance 
between paper and observer (D) = 50 m; Aperture of 
eye lens (a) = 2 mm =2 x 10? m and mean wavelength 
of light (А) = 5000 A = 5000 x 10719 m. The least distance 
between the marks to be seen separate, 


-]0 
q 2122, p= 122x ($000x10 27 
а 2x10" 


= 15.25 x 103 т = 1.525 cm 


In case of diffraction at a single slit the position 
of minima is given by 
d sin 0 = nÀ ү 
If Ө is small, sind = 0 = + 
So the position of first minimum relative to centre 
will be given by 
d(y/D) = А, i.e., y = (D/d) 
Here, D = 2m; d= 1 x 10? m and 


А= 6х 107 т 
2x6x10 
= =1.2 
T aa DA 


.. Distance between first minima on either side of 
central maxima, Ay = 2y = 2.4 mm. 


Magnitude as well as polarities of charges 
at points A and C are same. Therefore forces at O, 
due to these charges cancel each other. Moreover, 
polarities of the charges at B and D are opposite; 
therefore force on charge kept at the centre is along 
the diagonal BD. 

Given: Electrical potential 

=-5x+3y+ Ji5z 

Electric field E=-VV 


where v-[27«27« 2| 


s pop. OF C Carty. [5 
e E= |27«27« 24] 5x -3y - 4152) 
--[-57 «3j + Visk] -5i -3i - 15k 


Qu 


LE l= (5) + (—3)? + (—15)? 
242549415 - 7 
Су, C; and С; are in series 


lp". IL 
с C 2C 36 
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NIE 346:5:3:22 011] 
wil roue 


EN 11 : : : 
Charge on each of the three capacitors in series 
is 


Сезүү 
Also charge on capacitor C, = 4CV 
Q'  6CV 3 


Ratio= = T1x4CV ^22 
Е 1255 a6] 
-S nX0.54 20 





Solving, we get n = 10 
V h ERKÁR*r) _R(R+r) 
V, L ERKR, +r) RR, +r) 
ЗЕ ыг) ESO 
ог 2710(5+г) orr= 10 Q 


T, = 620°C, T, = 300°C 





ті 
" 2 
or 600 = 620 + T, 


T, = -20°C 
ШЕ 
Magnetic field at the centre of a circular arc of 
radius R, carries current / and making an angle ф at 
the centre is given by 
в Melo Ri 
" a c e 
In the given problem ф = = "s 
n tbl (0/2) gu 
P- ЛК 8R 
Efficiency of a transformer 


. Output power (P) _Ё,1, 


—. Input powerP) Vu, 


where V, = Voltage across secondary 
Vp = Voltage across primary 

Ip = Current flowing in the primary 
I; = Current flowing in the secondary 





80 __f5 
100 4x]10' 
P, =*2x10° Ww =3200 W 
_ Fo _ 3200 _ 
S Ve 200 a 
Also P; = IpVp 
_P 4x10 W 


or =40A 


p.i 
NES 100 V 





y N/A 
Self inductance = 2 j 


v,=V2qV/m, v, -2x4qV m 








У 1 
Vp 2 
For proton, А = aie? 
J2mE 
A hc 
For photon, л, = 
Aj. d E A, 
t= х or Е 
№ J2mE he А, 


According to Bohr’s second postulate 


Angular momentum L= E 


Angular momentum is also called a moment of 
momentum. 
For second pes n-2 

T= 212 


^ On яд 


=~. Further pum andre m, 
r n 


hence 0 ec (1/73). 


1 1 1 
SiR 
A 2 >| 


For shortest wavelength in Balmer series, 
n = 2: n, = œ 
1р2 Lr 
trl i or А= т 
For shortest wavelength in Brackett series 


„ЗІС 4. = 
А = ^ =4x R 4), 
According to Moseley’s law 
Vv - a(Z - b) 


Squaring both sides, v = а2(7-Ь)? 
£7 p 
or ==а (Z - b) 


Therefore, for two different elements, the ratio of 
wavelength is given by 


A, (Z,-1y 
№ (24-1) 


М =A, = 11, A, = 4A, Z, =? 





_1)2 
ah Dep" ог (22-10 = 25; . Zj-6 


No. of half lives = 12-3 
а (1 (1 а 
x--(5) -5] -( E ap 
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a = 0.96, I, = 7.2 mA 


I 
a=— o lL-a 


I e 
I, = 0.96 x 72 
= 6.91 mA 
I, = I, n I; 
1,-1,-1,772- 691 = 0.29 mA 
Е 1240 еУпт 
- Anm 
1240 eVnm 
Es =- 3480mm °° 6 





Y=A+B=A-B 
[Using Boolean identity A+B=A-B] 
=AB 


Modulanonendes = T =0.5 
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1.(а) Finding dimensions of resistance А and 
inductance L, speculate what physical quantities 
(LIR) and (1/2)L? represents? 


(b) If [2+1=0 – bl, find the angle between vectors 
à and b. 

2.(a) When walking on ice, is it better to take short or 
long steps? Explain. 

(D A shell of mass 0.02 kg is fired by a gun of mass 
100 kg. If the muzzle speed of the shell is 80 m s~, what 
is the recoil speed of the gun? 


3.(a) Four particles of masses 4 kg, 4 kg Tur BO 5 


2 kg, 3 kg and 5 kg are fixed at the 

four corners А, B, C and D of a '™ Im 
square of each side 1 m. Calculate 

the moment of intertia of the D(5kg) im C(3kg) 
system about an axis passing through the point of 
intersection of the diagonals and perpendicular to the 
plane of the square. 


(b) Ifthe radius of the earth is reduced to half of its 
present day value without change in its mass, what 
will be the length of the day? 


4.(a) What will be the density of lead under a pressure 
of 20,000 N cm ? (Density of lead is 11.4 g cm? and 
the bulk modulus of lead is 0.80 х 10'? N m?) 


(b Why is moisture retained longer in the soil if it 
is harrowed? 


5.(a) A reversible engine converts one fifth of heat 
which it absorbs from source into work. When the 
temperature of the sink is reduced by 70 K, its efficiency 
is doubled. Calculate the temperature of the source 
and the sink. 


(b A particle is executing simple harmonic motion. 
If v, and v, are the speeds of the particle at distances 


x, and x; from the equilibrium position, show that the | 
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3 1/2 
T 1 (vi -v 
frequency of oscillations, il "2 | 


6. (a) Two point charges one of +100 pC and another 
of -400 uC, are kept 30 cm apart. Find the points of 
zero potential on the line joining the two charges. 
(Assume the potential at infinity to be zero) 

(b) A parallel plate capacitor with air between the 
plates has a capacitance of 8 pF (1 pF = 107? Е). What 
will be the capacitance if the distance between the 
plates is reduced by half, and the space between them 
is filled with a substance of dielectric constant 6? 


7.(a) 1 m long metallic wire is broken into two unequal 
parts P and Q. P part of the wire is uniformly extended 
into another wire R. Length of R is twice the length of 
P and the resistance of R is equal to that of Q. Find 
the ratio of the resistances of P and R and also the 
ratio of length of P and Q. 


(b A silver and a copper voltameter are connected 
in series with a 12.0 volt battery of negligible internal 
resistance. 0.806 g of silver is deposited in half an 
hour in the silver voltameter. Calculate 
(i) ^ magnitude of current flowing in the circuit, 
(ii) mass of copper deposited in the copper 
voltameter during the same period. 
(Given : ECE of silver = 1.12 x 10 kg C^, 

ECE of copper = 6.6 х 1077 kg C"! 


8.(a) A 10 ohm coil of mean area 500 cm? and having 
1000 turns is held perpendicular to a uniform field of 
0.4 gauss. The coil is turned through 180? in (1/10) s. 
Calculate (i) the change in flux (ii) the average induced 
emt. 


(b) A capacitor of capacitance 100 pF and a coil of 
resistance 50 © and inductance 0.5 Н are connected 
in series with a 110 V, 50 Hz source. Calculate the r.m.s 
value of the current in the circuit. 
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9.(а) A photon and an electron both have energy of | 


100 eV. Which has the longer wavelength? Which has 
higher linear momentum? 

(b) The half-life of radium is 1500 years. After how many 
years will one gram of the pure radium reduced to one 
milligram? 


10.(a) А transistor has a = 0.95. If the emitter current 
is 10 mA, what is the collector current, the base current 
and gain В? 

(b) A glass prism of refracting angle 60? and refractive 
index 1.5, is completely immersed in water of refractive 
index 1.33. Calculate the angle of minimum deviation 
of the prism (ѕіп-! 0.56 = 34.3?). 


SOLUTIONS 








dt 
1.(а) A LE , Lz|g — 
(a) As |el= - ie lei 2 
t MUT? T 
ааз m 
ка ДЕГ Ја ik; AT. cA 
Le, [L]  [MI? T? A7] and as V- IR ie, R= VII 


w [MP T? 
so [R]= gi} | ATA |ie ij = [ML? T? A?] 


Б 2 ~2 -2 
ЕЕ Јна 
[R] | МТА Т 
and E zi; [М12 T? A7] [A?] = [ML? Т-2] 


Now as (L/R) has dimensions of time and so is called 
time constant of L - R circuit and (1/2) Li? has 
dimensions of work or energy, so it represents magnetic 
energy stored in a coil 


b)  la+bl=vVa +b? -2abcos0 

la—6|= Va? +b? -2abcos0 
la+al z-3l 
or  d'-b!-«2abcos0 = а? +b’ — 2abcos0 
or 4abcos0- 0 or 0-290? 


2.(a) Ice is almost frictionless. While walking, there 
must be sufficient friction to prevent slipping of feet. 
Frictional force depends on the normal reaction which 
depends on the inclination of the reaction of the 
ground to the vertical. If we take long steps the 
inclination of the reaction of the ground to the vertical 
becomes large and hence the frictional force is less. 
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Given la bl-la-5 or 











If we take short steps, the reaction remains close to 
the vertical. This helps to develop more frictional force 
on a slippery road and makes walking possible. This 
is why while walking on ice it is better to take short 
steps. 
(b) : Given : m = 0.02 kg, M = 100 kg, у = 80 m s^! 
Let the recoil speed of the gun be V. 
Then according to the principle of conservation of 
momentum, we get 
0 = mv * MV or 
0.02 x 80 
100 
—ve sign shows recoil speed of the gun. 
3.(a) Given : m, 
m,= 5 kg 
AB = BC=CD=DA=1m 


0 = 0.02 x 80+ 100 х V 


or V=- 





ms! = —0.016 ms" 


= 4 kg, m, = 2 kg, m, = 3 kg, 


ў 1 
ОА = ОВ = ОС = О” = -=m 
V2 
Moment of inertia of the system passing through O 
and perpendicular to the plane of the square, 


[= 4 (OA? +2 (ОВ? + 3 (OC? + 5 (Ору 
А оз ss. lom 
Bag aide. deo 


(b) : 1f M is the mass of earth, R its radius and o its 
spin angular velocity, the angular momentum of earth 


2 
will be Z, = Io =" Мв (i) 


Now when its radius becomes half without change in 
its mass and w’ its spin angular velocity, the new 
angular momentum 
2 
Leros = M(RI2y. o' (ii) 

As no external torque is acting, angular momentum 
must be conserved, ie, L, = L, 
From (i) and (ii), we get 

2 È 2 

= MR’ =—x= 

5 4 $5 
i.e., angular velocity will become 4 times of its initial 
value so 


MR!o', ie, o'249 


Tot 
LPs) КЕЗ 
T^ ОД, w 
or ques ee eq 
4 4 
4.(a) The bulk modulus of lead is given by, K = UL 
A 


PHYSICS FOR YOU APRIL 27 


0.8010" 


Here, К = 0.80 х 10!°N m? aN cm? 
AV AP 
AP = 20,000 N cm? ~ —— — 
y K 
20000x10* 1 V 
WELL Ur SS or “Ar =— 
0.80x10 40 40 
] V=V-AV= ра 5526 
New volume, V = У — 40 40 
Since the mass of lead will remain the same, we have 
Vp — Vp 
1 Vp 
New density, P — y 
x: V x11.4x40 -1175 m^ 
39V 


(b) When the soil is not harrowed, there are large 
capillaries in it. Water in the soil rise up the capillary 
holes to the surface from where it evaporates 
continuously. Thus the soil continuously loses water. 
When harrowed, all these capillaries are destroyed, 
and so capillary suction stops altogether. Thus, water 
is retained longer in the soil. 


5.(a) According to the question, 





”-10 
5 
l 4 
Hence, 0,=0,-W=Q,- ri 
e OE € . 0 
а 5 n Q 5 
T, 4 ] 
Efficiency, n21-—-1-—-- 
1 5 5 
On reducing the aie ea of the sink by 70 K, 
-70 
Efficiency = on = fas 7 
l 
or ть зы 79 ES E. 70 
5 R Е S. 27" 
[using equation (i)] 
ie han 70 
or 3° 5° F 


Solving, 7, = 350 К 
; . 4 4 
From equation (i), 7; = ri „п = 280K 


(b) The displacement of a particle executing simple 
harmonic motion is given by, 
x = асоѕог 
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"s Velocity, у= ee --—ao sinat 
dt 


or v? = eo sin? wrt = а20)? (1 — cos? of) 
2 
НО РОС а Um =x‘) 
a ) 


Hence, у? = @? (а? – х2) and v? = 0 (а? -x]) 


Subtracting the two, v? -y? 2o? (x; - х2) 











2 ovi а 2 үз 
pte E Y= i 
or GO -—-—— ар "uw i| 
x; — Х| \ x; Xi 
But w= 277 








6. (а) : As shown in figure, let the two charges be 
placed 30 cm (or 0.30 m) apart at points A and B. Let 
C be the point of zero potential on the line AB. 

A B 

+100 pC -400 uc 


K— r —39€— 0.30 -r = 
Potential at C due to two charges will be, 


ee 2.2]. 1 школе 
Ang! 5 | 4л, ip 





0.30 --7 
Since potential at C is zero, hence V = 0 


1 Es M s, 
p r 030-r |. 


E E 4r = 0.30 5r= 
or B OU or 4r=0.30—r or 5r-0.30 
or yu =006m= 6 cm 





Hence the point of zero potential lies at a distance of 
6 cm from the charge of +100 uC on the line joining the 
two charges. 


(b) : The capacitance of a parallel plate capacitor is 
given by, 


1) 


Now, the distance between the plates (d) is reduced 


м 


га 
by half | = | and the space between them is filled with 


a substance of dielectric constant (K), new capacitance 
is given by, 
Ke,A  2K£g,A 
G а Е эк 
dí2 d 
[Using equation (i)] 
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£-6 

C-8pF-8x10"F 
merce, С =2 x6 x 8x 10-2 Е =96х 107? F = 96 pF 
7.3) Let the length of piece Р be L then of О will 


Se that, R, 


L 0-2) 
-p— and А, =p—— 
PS о=р s 


Now when part P is extended into another wire R of 
length twice of P, i.e., a its resistance will be 





QD). got 
a= Posi 2) н 5 [as SL = 2L x S] 
According to given problem 
Rp= Ко de, йрт =p ie, L=0.2m 


p(L/S) 1 ong te Ж 


So, =2.- =~ ae = 
К, ALIS) 4 L 





1 
о 1-2) 01-02) 4 
(b) Given : m, = 0.806 g = 0.806 x 10? kg 
t= 30 min = 30 х 60 s 
Z, = 1.12 х 10 kg C'!, 2, = 6.6 x 10? kg C"! 
(i) | According to Faraday's first law of electrolysis, 


m, = Zt 
-3 
on 127 ЕАО A 
Zí 1.12х10*х30х60 

(ii) According to Faraday’s second law of 
electrolysis, 

m SA 

т, Z, 

Z, _0.806x10°x6.6x107 
or m, =m x- = — kg 


E" 1.12x10^* 
= 47.5 x 10? kg = 47.5 g 
8.(a) (i) When the plane of a coil is perpendicular to 
the field as shown in figure (I) the angle between area 
S and field B is 0°. So the flux linked with the coil, 
6, = NBScos0 = NSB cos0 = NSB [as Ө = 0] 
When the coil is turned through 180? as shown in 
figure, (II) the flux linked with the coil will be 
$9; = NSBcos180 = -NSB (as Ө = 180°) 





So change in flux, 
50 


Ad = ф, — 6; = -NSB — NSB = —2NSB 
ie, |Ad|=2 х 103 x (500 x 10%) x (0.4 x 107) = 4 mWb 
(ii) Аз in turning through 180°, i.e., in change of 
flux Аф, the coil takes (1/10)s, 


| [A9] _ 2NSB_ 4x10? _ V 
ab aav; At 107 
(b Given: С = 100 pF = 100 x 10% F 
R=50 Q, L=0.5 H, V,,, = 110 V, f= 50 Hz 


The impedance of LCR circuit is given by 








= 0153 mr 
- Jr em - 


7 = JR +(X, Xy 


2 
= ,|(50)‘ +| 2x3.14x 50x 0.5 - —————— — 
K ) | Жала] 


= 4(50) + (157— 31.85)? = 2500+ 15662.5 


= 134.770 
". r.m.s value of the current in the circuit is given by 


9. (a): For photon £= m=% 


. д7 „12400 (VA) _ 12400 4, V. À)- 124 Å 
E E(eV) 100еу 


For electron p = h/d 
=>  J2mE = ҺА 
‚ À = hf 2mE 
= 66 x 1075/4/2x 9x10? «100х1.6х107* 
= 1.23 А 
So the photon has a longer wavelength. 
Momentum of photon 
= hole = ША 
= 6.6 х 105/124 x 107!° 
= 0.053 x 104 kg т 5-! 
Momentum of electron 
h 66x10 


"i7 153.199 79410 kgms" 


So the electron has greater momentum. 


("Е = p?/2m) 


N : 
(b) N= No e^ or dp 


n 


N N 
or ee or 2.303 lobe 77M 
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UE Now "Е, – а лк 
or t=-- и. 1.33 
A 5 Refractive index is given by, 
2.303 T,,, log, — aS | 
But x = 0.693 5 t= М айс M NS 2 sm 2 
T. 0.693 p, = 2 
Given: Ny -1g ZEE 
Nz21g-10?g-(1- 10); = 0.999 g 
2,303x1500x1og —.— sin( 448+) m AS. ) 
fm Áo year 1.132 — = 
0.693 y eh Y = T 
2.303x1500x 0.0004 2 = 
(Se 208 VERE 
0.693 


or ухе 458.) 
10. (a) : Given: с = 0.95, 1; = 10 mA 5 [5 
I 
Now, с=т or Io = ol; = 0.95 x10=9.5 mA 


E 
Since, Ip = Iş + lc 2. Iş = 1, - lc = 10 – 9.5 = 0.5 mA 


ДУРЕ а {13505055117 
2 2 





ог "=343° or А+б„=68.6° 


$, = 68.6° — А = 68.6? — 60° = 8.6° 


Reaction =o 


Reaction 


Mechanisms in Mechanisms in 
ORGANIC CHEMISTRY zi | 


Organic Chemistry covers major portion of a Chemistry Paper of 
any competitive exam be it medical or engineering. Organic 
Chemistry is based on different reactions. In order to solve the 
problems of Organic Chemistry one should have good command 


P 


on the concepts, reactions and their mechanisms. - =... i IN PRESS 
MTG is releasing this book to empower students with each and ; 
every skill required to solve problems in Organic Chemistry. 


The book starts with basic knowledge of various types of f 
reactions : electrophilic and nucieophilic substitutions, 
eliminations etc. 


The book deals with important named reactions, 
rearrangement and their mechanisms. мес MTG BOOKS 


This book would be useful and effective in helping the students $eee 503.72) Apts., Ring Road 
of chemistry to develop an insight into the mechanistic aspects сео New Delhi - 29 Tel : (011) 26191599 


М М в-тай : infogemtg.in 
of Organic Chemistry as a whole. BOOKS Website : www mtg.n 


Dr. Mukul C Ray 
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CBSE-PMT (Prelims) - 


1. The primary and secondary coils of a transformer 
have 50 and 1500 turns respectively. If the magnetic 
flux ф linked with the primary coil is given by 
ф => + 47, where ф is in webers, / is time in seconds 
апа фо is a constant, the output voltage across the 
secondary coil is 
(a) 120 volts 
(c) 30 volts 


2. A beam of electron passes undeflected through 
mutually perpendicular electric and magnetic fields. 
Ifthe electric field is switched off, and the same magnetic 
field is maintained, the electrons move 

(a) in a circular orbit (b) along a parabolic path 
(c) along a straight line (d) in an elliptical orbit. 


(b) 220 volts 
(d) 90 volts. 


3. The position x of a particle with respect to time 
і along x-axis is given by x = 9? — P where x is in 
metres and / in second. What will be the position of 
this particle when it achieves maximum speed along 
the +x direction? 

(a) 54m (b) 81 m (c) 24 т (9) 32 т. 
4. А particle starting from the origin (0, 0) moves іп 
a Straight line in the (x, y) plane. Its coordinates at a 
later time are (./3,3) . The path of the particle makes 
with the x-axis an angle of 

(a) 45° (b) 60° (c) 0° (d) 30°. 

5. А саг moves from X to Y with a uniform speed v, 


and returns to Y with a uniform speed з. The average 
speed for this round trip is 





(a) е b Vay 
а) . Ју (b) Wty +Ў, 
Y, + Vy 2v4v 
(c) t (=. 
2 Va + У, 


6. Two radioactive substances 4 and В have decay 
constants 5A and A respectively. At = 0 they have the 
same number of nuclei. The ratio of number of nuclei 
of A to those of B will be (1/e)? after a time interval 
(a) 4X (b) 2А (c) 1/2А (d) 1/44. 


7. Inthe following circuit, the output Y for all possible 
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B B 
(a) A B Y (b 4 B Y 
0 0 1 0 0 1 
0 1 1 0 1 0 
1 0 1 1 0 0 
1 1 0 1 1 0 
(c) A B Y (d 4 B Y 
0.0 0 ооо 
One]. wl ото 
101 1 0 0 
1 T al T D 


8. In a radioactive decay process, the negatively 

charged emitted B-particles are 

(a) the electrons produced as a result of the decay of 
neutrons inside the nucleus 

(b) the electrons produced as a result of collisions 
between atoms 

(c) the electrons orbiting around the nucleus 

(d) the electrons present inside the nucleus. 


9. The phase difference between the instantaneous 
velocity and acceleration of a particle executing simple 
harmonic motion is 

(a) л (b) 0.7077 (d) 0.57. 


10. In a mass spectrometer used for measuring the 
masses of ions, the ions are initially accelerated by an 
electric potential V and then made to describe 
semicircular paths of radius R using a magnetic field 
B. If V and B are kept constant, the ratio 


f charge on the ion ) 


(c) zero 


will be proportional to 
\ mass of the ion / рр 


(а) 1/82 (b RP (c) R (d) 1/R. 


11. A wheel has angular acceleration of 3.0 rad/sec? 
and an initial angular speed of 2.00 rad/sec. In a time 
of 2 sec it has rotated through an angle (in radian) of 
(a) 10 (b) 12 (c) 4 (d) 6. 


12. A hollow cylinder has a charge q coulomb within 
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it. If 6 is the electric 
flux in units of 
voltmeter associated 
with the curved 
surface B, the flux linked with the plane surface 4 in 
units of voltmeter will be 





E ф 
(а) 3, (b) = 

q Pg 4 
(c) us (d) 12-4]. 


13. The frequency of a light wave in a material is 
2 x 10'* Hz and wavelength is 5000 A. The refractive 
index of material will be 
(a) 1.50 (b) 3.00 (Cy Wess (d) 1.40 
14. A nucleus ;.Y has mass represented by M (А, Z). 
it M, and M, denote the mass of proton and neutron 
respectively and В.Е. the binding energy in MeV, then 
(a) B.E. = [ZM, + G1 - Z)M, - MiA, Ze? 

(b) B.E. = [ZM, + AM, — МА, Z)]c 

(с) B.E. = МА, Z) - ZM, ~ (4 - 2M, 

(d) B.E. = [M(A, Z) - ZM, — (A – 2)M,]c?. 


15. The total power dissipated 


in watts in the circuit shown here R 
is 
зо 
(а) 40 (b) 54 | 
(с) 4 (4) 16. 
Mim RT 


16. If the nucleus 7; Al has a nuclear radius of about 


3.6 fm, then E Te would have its radius approximately 


as 

(a) 9.6 fm (b) 12.0 fm (c) 4.8 fm (d) 6.0 fm. 
17. A block B is pushed NN CNN : 
momentarily along a horizontal RSS | 


surface with an initial velocity 

V. If u is the coefficient of sliding friction between В 
and the surface, block B will come to rest after a time 
(a) gH/V (b) g/F (c) V/g (d) F(gu). 


18. A particle moving along x-axis has acceleration /, 


е я f t 
at time f, given by f = fo] ies where fh and T are 
\ 


constants. The particle at / = 0 has zero velocity. In 
the time interval between / = 0 and the instant when 
f= 0, the particle's velocity (v,) is 
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| (a) 1000 
| 


| 20. Three resistances P. О, R each of 2 О апа ап 


| (a) 2.4 x 108 m/s 


1 
(с) ol 


1 а 
(а) = ЛГ“ (b) fT? (d) ЖТ. 


19. А common emitter amplifier has a voltage gain of 
50, an input impedance of 100 О and an output 
impedence of 200 Q. The power gain of the amplifier is 
(b) 1250 (c) 100 (d) 500. 


unknown resistances S form the four arms of a 
Wheatstone bridge circuit. When a resistan. of 
6 © is connected in parallel to S the bridge gets balanced. 


i What is the value of 5? 


(a) 3Q (b)6€Q (c) IQ 


21. A steady current of 1.5 amp flows through a copper 
voltameter for 10 minutes. !f the electrochemical 
equivalent of copper is 30 х 10° g coulomb", the 
mass of copper deposited on the electrode will be 

(а) 0.50 g (b) 0.67g (с) 027g (а) 0.40 g. 


(d) 2 9. 


22. A small coin 
is resting on the 
bottom of a 
beaker filled 
with liquid. A ray 
of light from the 
coin travels upto 
the surface ofthe 
liquid and moves along its surface. How fast is the 
light travelling in the liquid? 

(b) 3.0 x 10° m/s 

(c) 1.2 x 108 m/s (d) 1.8 x 10? m/s. 


23. ^ transformer is used to light a 100 W and 110 V 
lamp from a 220 V mains. If the main current is 0.5 amp, 
the efficiency of the transformer is approximately 

(а) 50% (Ы) 90% (с) 10% (d) 30%. 


24. Dimensions of resistance іп an electrical circuit, 
in terms of dimension of mass M, of length L, of 
time T and of current 1, would be 

(a) ML°T-- (b) МІ?Т: Г! 

(c) МІ?ТЗГ? (d) ML?T2T. 

25. А uniform rod 45 of 
length / and mass m is free 
to rotate about point 4. 
The rod is released from 
rest in the horizontal 
position. Given that the 
moment of inertia of the rod about А is m7/3, the initial 
angular acceleration of the rod will be 





coin 


І 


i HS B 
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mgl 3 3g 2g 
=S “Sol 25 25 
(а) аена. A 


26. А particle of mass 
m moves in the XY plane 
with a velocity v along 
the straight-line AB. If 
the angular momentum 
of the particle with 





respect to origin О is L4 o 
when it is at A and L, when it is at B, then 
(а) Ly = Ly 


(b) the relationship between L, and L} depends upon 
the slope of the line AB 
(с) La < Ls (d) Ly > Ly. 


27. The particle executing simple harmonic motion 
has a kinetic energy K cos?wt. The maximum values 
of the potential energy and the total energy are 
respectively 

(a) Ко/2 and Ko (b) Ky and 2K, 

(c) Ko and Ko (d) 0 and 2K. 


28. Charges *q and -q R 
are placed at points A and 
B respectively which are 
a distance 27 apart, C is 
the midpoint between A 
and B. The work done in moving a charge +O along 








the semicircle CRD is 
qQ qQ 
(a) 2NE_L (b) 6n£oL 
__40 qQ 
(c) бтєє/, (9 4n£ggL ` 


29. Monochromatic light of frequency 6.0 x 10'^ Hz is 
produced by a laser. The power emitted is 2 x 10? W. 
The number of photons emitted, on the average, by the 
source per second is 
(a) 5 x 10! 
(c) 5 x 1014 


(b) 5 x 10" 

(d) 5 x 105, 

30. Three point charges +q, —2q and +q are placed at 

points (x = 0, y= а, 2 = 0), (x = 0, у = 0, z = 0) and 

(x = а, у = 0, z = 0) respectively. The magnitude and 

direction of the electric dipole moment vector of this 

charge assembly are 

(a) /2да {һе 
(x = 0, у= 0, 2 = 0) and (х =a, у =a, z= 0) 


along line joining points 


40 


| 











(b) qa along the line joining points (x = 0, y = 0, z=0) 
and (x = а, у = а, z = 0) 

(с) V2qa along +x direction 

(d) V2qa along +y direction. 


31. Two satellites of earth, S, and S, are moving in 
the same orbit. The mass of S, is four times the mass 
of S,. Which one of the following statements is true? 
(a) The potential energies of earth and satellite in the 
two cases are equal. 

(b) S, and S, are moving with the same speed. 

(c) The kinetic energies ofthe two satellites are equal. 
(d) The time period of S, is four times that of S5. 


32. Aand B aretwo vectors and Ө is the angle between 
them, if | 4x B| = V3 (4: B), the value of 0 is 
(a) 45? (b) 30° (c) 90° (d) 60°. 


33. A mass of 2.0 kg is put on a flat 
pan attached to a vertical spring fixed т 


| on the ground as shown in the figure. 


The mass of the spring and the pan is 

negligible. When pressed slightly and 

released the mass executes a simple 

harmonic motion. The spring constant 7777777777 
is 200 N/m. What should be the minimum amplitude 
of the motion so that the mass gets detached from the 
pan (take g = 10 m/s?). 


(a) 10.0 cm 
(b) any value Jess than 12.0 cm 
(c) 4.0 cm (d) 8.0 cm. 


34. A charged particle (charge q) is moving ina circle 
of radius R with uniform speed v. The associated 
magnetic moment p. is given by 

(а) qvR? (b) qvR?/2 (с) дуд 


35. The total energy of electron in the ground state of 
hydrogen atom is —13.6 eV. The kinetic energy of an 
electron in the first excited state is 

(a) 6.8 eV (b) 13.6 eV 

(c) 1.7 eV (d) 3.4 eV. 


(d) qvR/2. 


36. A 5 watt source emits monochromatic light of 
wavelength 5000 À. When placed 0.5 m away, it liberates 
photoelectrons from a photosensitive metallic surface. 
When the source is moved to a distance of 1.0 m, the 
number of photoelectrons liberated will be reduced 
by a factor of 

(a) 8 (b) 16 


(c) 2 (d) 4. 
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37. A particle executes simple harmonic oscillation 
with an amplitude a. The period of-oscillation is T. 
The minimum time taken by the particle to travel half 
of the amplitude from the equilibrium position is 
(a) T/8 (b) 7/12 (c) 7/2 (d) 7/4. 


38. For a cubic crystal structure which one of the 
following relations indicating the cell characteristics 
is correct? 

(a) a+b +c and a = B = y = 90° 

(b а= Р= сапіаа + В + ү = 90° 

(с) а= =c and a = В = y = 90° 

(d) a+b +c and a + В and ү = 90°. 

39. Two condensers, 
one of capacity C and 
other other of capacity 
C/2 are connected to a 
V-volt battery, as shown. 


The work done in charging fully both the condensers is : 


3 
(a) ар? (b) СЕ? (с) Ler? (d) 2CV2. 


40. A black body is at 727?C. It emits energy at a rate 
which is proportional to 
(a) (1000)* (b) (1000? (c) (727)* (а) (727). 


41. The resistance of an ammeter is 13 and its scale 
is graduated for a current upto 100 amps. After an 
additional shunt has been connected to this ammeter it 
becomes possible to measure currents upto 750 amperes 
by this meter. The value of shunt-resistance is 

(a) 2 Q (D 0.22 (6) 2kQ (d) 20 Q. 


42.. An engine has an efficiency of 1/6. When the 
temperature of sink is reduced by 62?C, its efficiency 
is doubled: Temperatures of the source is 

(а) 37°C (Б) 62°C (c) 99°C (d) 124°C. 


43. The electric and magnetic field of an electromagnetic 
wave are 

(a) in opposite phase and perpendicular to each other 
(b) in opposite phase and parallel to each other 

(c) in phase and perpendicular to each other 

(d) in phase and parallel to each other. 


44. What is the value of inductance L for which the 
current is maximum in a series LCR circuit with 
C = 10 pF and о = 1000 s~? 


(a) 1 mH 
(b) cannot be calculated unless А is known 
(c) 10 mH (d) 100 mH. 
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, diagram ofa material shown 


45. Nickel shows ferromagnetic property at room 
temperature. If the temperature is increased beyond 
Curie temperature, then it will show 

(a) anti ferromagnetism (b) no magnetic property 
(c) diamagnetism (d) paramagnetism. 

46. A vertical spring with force constant k is fixed on 
a table. A ball of mass m at a height h above the free 
upper end of the spring falls vertically on the spring 
so that the spring is compressed by a distance d. The 
net work done in the process is 


(а) mg(h+d)- Lag 


E 
2 
47. Under the influence of a uniform magnetic field 
a charged particle is moving in a circle of radius R 
with constant speed v. The time period of the motion 
(a) depends on.both R and v 

(b) is independent of both R and v 

(c) depends on R and not on v 

(d) depends on v and not on R. 


(b) mgüt- d) - L 4g? 


2 


(y mg(h-d)*lad? (ау mg( d) kd? , 


48. If the cold junction of a thermo-couple is kept at 
0°C and the hot junction is kept at 7°C, then the relation 
between neutral temperature (7,) and temperature of 
inversion (7,) is 
(a) T, = 2T, 

(с) T, T,*7T 


(b T,=7,-T 
(d) 7, = T,/2. 


49. Assuming the sun to have a spherical outer surface 
of radius r, radiating like a black body at temperature 
£C, the power received by a unit surface, (normal to 
the incident rays) at a distance R from the centre of 
the sun is 


r^o(t + 273)! 16т?г?вг* 
ce" ES aer m 

r^o(t + 273) 4nr? ot^ 
Oe 07g 


where o is the Stefan's constant. 


50. In the energy band &, 


below, the open circles and 
filled circles denote holes 
and electrons respectively. 
The material is 

(a) an insulator 

(b) a metal 


LLOÓLLG | 4g OÁ UL ZU. 
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(c) an n-type semiconductor | 
| 
| 


(d) a p-type semiconductor. 


1. (a): Given : No. of turns across primary №, = 50 
Number of turns across secondary N, = 1500 
Magnetic flux linked with primary, ф = ġo + 4; 

dd d 


| SOLUTIONS 








Voltage across the primary, V; rS tot 4t) 
= 29 иб ы 
Lat Ny 
Also, = = —* 
Vp № 
5 
V, UR х4=120 V. 
50 
2. (a): Electron travelling in a magnetic field | 
perpendicular to its velocity - circular path. | 
3. (a): Given: x = 92 — P . (i) | 
ax d э 3 n | 
Speed у=—=—(97—[7)=18/—3[7. | 
P dt a ) 
For maximum speed, T0 => 18-6f=0 
P= SiS: 
Xmax = 81 m — 27 m = 54 m. (From x = 92 — P). 


Y 


4. (b): Let Ө be the 
angle which the particle 
makes with an x-axis. 
From ex 


{апӨ := =/3 


RC 


tan! (43) = 60°. 





(0, 0) 





or, Ө = 
total distance travelled 


5. (d): Average speed = teu ime taken 








sts 2s 2v,V4 
EU See tet: 
Vy Vy 
6. (c): Given: A, = 5А, Ap = А | 
t= 0, (Ng) = (Му)в | 
af 5 
Ny Ve 
According to radioactive decay, — =e “ 
0 
IN firm g ^t : 
(Noda 2 
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-À pt 
=e 35 
(UA - i) 
Divide (i) by (ii), we get 
Na 2g O47) or, Ал —(52-2)E 
Ng Np 
ee EY (4) oe 
or, Ру == or, — =|= 
хел е е 
2 1 
or, 44 =2 = Заа у. 
A y’ ; 
7. (с) у 
В 
Y'-A-B- Y=A+B=A+B. 


Truth table of the given circuit is given by 





8. (a): In beta minus decay (f^), a neutron is 
transformed into a proton and an electron is emitted 
with the nucleus along with an antineutrino. 

n=- pce +у 
where v is the antineutrino. 
9. (d): Let y = Asinwt 


dy 
кед AQ) cos wf = Aosin( or) 
dt : 2 


| Acceleration = —Aw?sinwt 


The phase difference between acceleration and velocity 


| ds T/2. 


10. (a) : In mass spectrometer when ions are accelerated 


.. (i) 
where m is the mass of ion, q is the charge of the ion. 
As the magnetic field curves the path of the ions in a 
semicircular orbit 


; 2 
through potential V, —mv -qV 


BqR 
m 
Substituting (ii) in (i), we get 





Bav=— => у= 
id R 


.. (ii) 





2 
1 | BgR 2V 
el =qv о, <= пес 
2 т т BR 
Since V, В are constants, 
4. | chargeontheion І 


mass of the ion Rm 
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11. (a) : Given: Angular acceleration, a = 3 rad/sec? 
Initial angular velocity w, = 2 rad/sec 
Time f = 2 sec 


Using, 02 0, +207 


0=2х2+5х3х4=4+6=10 radian. 


12. (d) : Let $4, 94 and 6, are the electric flux linked 
with 4, B and C. 
q 
According to Gauss theorem, 94+ 0» + $c — + 
0 
Since 0, = фе, 


q q 
26, + фв = M or 20, peu: 


or, 204 E. ж (Given о, = 6). 
£o 
ф L-e) 
' 2\ £o 
tps es ci Оа vacuum (8) 


velocity of light in medium (v) 
у= 0А 72 x 10!^ х 5000 x 10-!9 
In the medium, v = 108 m/s 
vue 3x10 


8 
Vined 10 


+ 





u= 


14. (a) 
15. (b): In the given circuit 6 Q and 3 Q are in parallel, 
and hence its equivalent resistance is given by 


The equivalent circuit diagram 

is given in figure. 

Total current in the circuit, 
18 


Į = ———:: 
2+4 
Power in the circuit = V/ = 18 x 3 = 54 watt. 


16. (d) : Nuclear radii R = (А,)4'3 
where 4 is the mass number. 


1/3 p Е. 
His (te) -(8y -(3) 
Ra Ад 3 





or, Ат, = zx Ri =-2х3.6 = 6 fm. (Given Ал = 3.6 fm) 
17. (d) : Given и = V, final velocity = 0. 
Using v = u + at 
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0-F-at ог, Wet Las i 
1 1 





f= ue = umg (fis the force of friction) 


Retardation, a = ug 
p a 


1=—= 


a ug 


18. (c) : Given : At time ¢ = 0, velocity, v = 0. 


Н H 
Acceleration f — fl 1-5) 
í 
Atf=0, 0=fol 1-4] 
\ 
Since f, is a constant, 


Also, acceleration ср 








19. Option not provided. 
Given : Voltage gain f = 50 
Output resistance R, — 200 © 
Input resistance R; = 100 © 


R 200 

А 2 0 2 

= B х- = (50)° x — = 5000. 
Power gain R ( ) 100 


20. (a) : 





Let X be the equivalent resistance between S and 6 Q. 


TEN : 
er о са 
X S 6 des 
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For a balanced Wheatstone bridge, we get 


Bok or 2.2 => X=2 Q. 
о x 2 X 

From eqn. (i), we get 
тагы ог, 1.2 Or, S=3Q. 
2 S 6 S 6 


21. (с): Given: 7 = 1.5 A, t= 
Z= 30 x 105 g coulomb". 
According to Faraday, first law of electrolysis 


10 min = 600 sec 


m = Zit = 30 x 105 x 1.5 x 600 
= 0.27 g. 
4 cm 
22. (d) 





From figure, sinC = бае: ЕБЕТ 2 


4002 «oy 5 


where С is the critical angle. 


Also, sinC = и, 





е 1 

sinc- [since To = | 
Hy uu 

velocity of light in air (c) 





sinc == X 
с 3x10? 


2 
or, >=3х10#х = 18x10" ms”. 


23. (b) : Given : Output power P = 100 W 
Voltage across primary V, = 220 V 
Current in the primary J, ~ 0.5 A 


tput 
Efficiency of a transformer faa 100 


input power 


рор — OO. 2100 280% 
Vol p 2200.5 


24. (c) : According to Ohm’s law, 
V=RI or Rao 
W MUT? 


Dimensions of V — g IT 
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[ML?T?/IT] 
I 
25. (c) : Torque about 4, 


R= = мї?т?Г?. 


сетах = 


Also t = Ја 


: =: /2 
Angular acceleration, eau = mgla 2 z 
1 ml2/3 21 





26. (a) : 





Moment of momentum is angular On the OP is 
the same whether the mass is at A or B. 

Ly = Lg. 
27. (c) : Kinetic energy + potential energy = total energy 
When kinetic energy is maximum, potential energy is 
zero and vice versa. 

Maximum potential- energy = total energy. 


0 + Ky =Ky 
(K.E. + P.E. = total energy). 
R 
+4 -q 
28. (с): e----- fas 
A C B D 
> 


2L 
From figure, AC = L, ВС = L, BD = ВС = І. 
AD = АВ + BD=2L + L-= ЗІ 
Potential at C is р by 


ONE. DIL, 1 ]2.:91-6 
С алеу ac" BC | ако L. 
Potential at D is given by 
78.5 1 q 4 ы, vi 4 4 
D' ame | AD BD} 4031 L 


| spa). -4 
- Ane, L3 бте. 
Work done in moving charge *Q along the semicircle 
CRD is given by 
-qQ 
W = [У-и] = 
[Yp - V.) 9) = m [28m oko- RT 


Comments : Potential at C is zero because the charges 
are equal and opposite and the distances are the same. 
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Potential at D due to — is greater than that at А (+q), 
because D is closer to B. Therefore it is negative. 


29. (d) : Power of monochromatic light beam is 
Р = Nhu where N is the number of photons emitted 
per second. 
Power Р = 2x 102 W 
Energy of one photon Е = Ао 

= 6.63 х 1054 x 6 x 10!* J 
Number of photons emitted per second, N = P/E 


-3 
ee РИО es ууу? e 55105 
6.63 x 107^ x 6x 10!4 
30. (a) This » 
consists of two 
dipoles, –9 and +q 
with dipole 
moment along 
with the 


+y-direction and 
-g and +q along 
the x-direction. 

7. Тһе resultant 
moment = IT. = J2ga. 

Along the direction 45? that is along OP where P is 
(+a, +a, 0). 

31. (b) : The satellite of mass m is moving in a circular 
orbit of radius r. 











Kinetic energy of a satellite, K — me we (i) 
r 
-GMI 
Potential energy of a satellite, U = = .. (ii) 
. р IGM 
Orbital speed of satellite, se .. (iii) 
iz 1/2 
А ? 7 BEL E: ^ 
Time-period of satellite, T — (=) | . (iv) 


Given Ms, = Amy, 
Since M, r is same for both the satellites S, and $, 
From equation (ii), we get U e m 
Us, оту, B ра 
Option (а) is wrong. 
From (iii), since v is independent of the mass ofa satellite, 
the orbital speed is same for both satellites 5, and S;. 
Hence option (b) is correct. 
From (1), we get K ос m 
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s ua M ог, Ку = 4Ky. 

Ks, ту 
Hence option (c) is correct. 
From (iv), since 7 is independent on the mass of a 
satellite, time period is same for both the satellites $; 
and S,. Hence option (d) is wrong. 


32. (d) : | Ах В| = V3(4-B) 
ABsin@ = J3ABcos0 


ог, {апд = J3 ог, Ө= tan! з = 60°. 
33. (a): E T ES o" 
(a) (c) 


The spring has a length /. mim m is placed over it, 
the equilibrium position becomes O’. 

If it is pressed from O' (the equilibrium position) to 
О”, O'O” is the amplitude. 


бе” LU щш 
k 200 
mg = Кхо. 


If the restoring force mAw? > mg, then the mass will 
move up with acceleration, detached from the pan. 
i.e. 4>-#— —› A> 20 .. 0.10 in. 

k/m 200 


The amplitude > 10 cm. 
ie. the minimum is just greater than 10 cm. 
(The actual compression will include x, also. But when 
talking of amplitude, it is always from the equilibrium 
position with respect to which the mass is oscillating. 
34. (d) : Magnetic moment и = 74 

2nR 





35. (d): Energy of n" orbit of hydrogen atom is given by 








-13.6 
Е. = eV 
n 
For ground state, n = 1 
g--B$ = -136 ev 
1 


For first excited state, n = 2 


45 


s 302136 
Er = 22 





= -3.4eV 


Kinetic energy of an electron in the first excited state is 
C= -E = 3.4 eV. 

36. (d) : Fora light source of power P watt, the intensity 
at a distance d is given by 
clo 

4nd* 
where we assume light to spread out uniformly in all 
directions i.e. it is a spherical source. 


1 








= Od 
(0.5) TEA 

In a photoelectric emission, the number of photoelectrons 
liberated per second from a photosensitive metallic 
surface is proportional to the intensity of the light. | 
When a intensity of source is reduced by a factor of 
four, the number of photoelectrons is also reduced by | 
a factor of 4. 

37. (b) : x(t) = аѕіпо (from the equilibriuim position) 
At x(t) = a/2 





a D 
c NOU 
sin] = | = sino or, LONE UA o=] 
“©, 6 1 7 
or, t = 7/12. 


38. (c) : In a cubic crystal structure 
a-b-c,a-p-2y-90*. 

39. (b) As the Q 

capacitors are connected 

in parallel, therefore = 

potential difference 

across both the 

condensors remains the 

same. 


C 
= Су: QO=—V 
Qa CV 5 gc = 


{; 3 
Also, 0 = Qu + 0, = Кш шы Iac UN 


Work done in charging fully both the condensors is 
given by 


W =~OV =5%{5¢7 |v ==cy?. 
2 DV 4 


| 7 
42. (c) : Efficiency of an engine, fele 
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40. (a) : According to Stefan's law, 

rate of energy radiated E œ 7* 

where 7 is the absolute temperature of a black body. 
Е œ (727 + 273)* ог E œ [1000]*. 

41. (a) : Let the shunt 

resistance be S. 

Given: / = 750 A, 

1,7100A, Rg = 13 Q 

From the figure, 

I, Ra = (U — 19S 

100 x 13 = [750 – 100]8 or 

S = 1300/650 = 2 Q. 





1300 = 6505 


or 


| 
where T, is the temperature of the source and T; is the 
temperature of the sink. 
lah ж Bed 
h 6 
When the temperature of the sink is decreased by 62°C 
(or 62 K), efficiency becomes double. 

Since, the temperature of the source remain unchanged 


xi 





dela t= or, 12120-62) 
6 1] 3 Т, 
? — 
or, 2-20 ог, 27:37186 
3 і 
or, 2-3) 14-186 [using (i)] 
2-2 Т =186 ог, Т 186 





or, Ti = 372 К = 99°С. 

43. (с) : In electromagnetic wave, electric and magnetic 
field are in phase and perpendicular to each other and 
also perpendicular to the direction of the propagation 
of the wave. 

44. (d) : Іп series LCR, current is maximum at resonance. 


1 
Resonant frequency @ = Tie 


l 
w =— or, L= 


LC wC 
Given œ = 1000 s^! and C = 10 pF 
| 
L=—————— = 0.1 H= 100 mH. 
1000 x 1000 x10 x10~ 


45. (d) : Above Curie temperature, ferromagnetic 
material become paramagnetic. 


46. When a mass falls on a spring from a height / the 
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work done by the loss of potential energy of the mass 
is stored as the potential energy of the spring. 


1 
One can write mg(h+ d)=—kd? 
2 


[s 


^ 
ie 


2 2 
mg(h +d) = hx = 1 kd 
The two energies are equal. 
If work done is initial P.E. — final P.E., it is zero. 
Work done is totally converted (assuming there is no 


loss). The work done in compression or expansion is 


always positive as it is ec x^. The answer expected is 


mg(h+ d) ка or, 12 -mgih+d) 


as seen from options, but it is not justified. 
Question could have been more specific like work done 
by oscillation. 

47. (b) : In a uniform magnetic field, a charged particle 
is moving in a circle of radius А with constant speed v. 


ту? 





—-- = В or, R=-— EC 
Р qv Bg (i) 
2nR 2m 27, 
Time period, 7 = Е а = 275 ve (i1) 


Time period 7 does not depend on both A and v because 
when v is changed, R is also changed proportionately 
and for period, it is R/v that is taken. 
48. (D: T,- T, = Tp- T, 

Ty= 2T, = T, On Ty = 27 yee ОС 
or 7, = 7;/2. 
49. (с): Power P radiated by the sun with its surface 
temperature (¢ + 273) is given by Stefan's Boltzmann 
law. 

P = ce AnrXt + 273)* 
where r is the radius of the sun and the sun is treated 
as a black body where e = 1. 
The radiant power per unit area received by the surface 
at a distance Љ from the centre of the sun is given by 


unis _ o4nr? (273. Fr 200+ 273)" 
4л? 4nR? R* 
50. (d) : p-type semiconductor. 
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Thought Provoking 


in S.H.M. & WAVE MOTION № 


1. Two waves of equal amplitude, both travelling 
along the +ve x direction and wavelengths A, = A, 
А — А + AX superpose on a string. Discuss the shape 
of the combination at ¢ = 0, compare it with the beats 
phenomena. Determine the distance from peak to peak 
of the amplitude modulating factor and number of 
wavelengths contained between successive zeros of 
the modulating envelope. 


2. If /, is the length of an imperfectly adjusted 
pendulum which gains п seconds in one hour at the 
same place, find the length of the second pendulum. 


3. Find the natural frequency of the semicircular shell 
of mass m and radius r which rolls without slipping. 


4. The speaker of public address system emits 
20 W power. Considering it a point source (a) What is 
the sound intensity level at a point 4 m away? (b) At 
what distance from the speaker does the sound intensity 
level drop to half the level that it has at 4 m? 


5. Suppose the sound intensity level in Chandigarh 
has been increasing by about 1dB annually. What 
percentage increase in intensity does this correspond 
to?.In about how many years would the intensity of 
sound double if it increased at 1dB annually? 


SOLUTION 


1. The two superposing waves are 


у= Asin EI J= Е) 
А, - Ay 
Since wave number & = 1/A; 
From principle of superposition, 
Spytcyp ty, =A {sin [2л (х — ve) 
+ sin [27k, (x — vò} 











—— 


y a 


a CI 
ЧДУ, 
Problems £> 


D 
< 


By : Prof. R.S. Randhawa 


If ¢ = 0, then 
y =A [sin2nk,x + sın2rkx] 

= 24 cos [n (k, — А)х] sin [л (А + kx] 
The amplitude modulating factor is 
Ay = 24cos [л (А — k;)x]. 
The distance between points where amplitude 
modulating factor becomes zero is defined by the 
change of x corresponding to an increase of m in 
the quantity ník; — k;)x. Let us denote this distance 
by D, we have 

2 
nlk- k,)D = пог D= Au or эж», 
К. М-М AX 





Number of wavelengths contained in this distance is 
D x 





AC AM 
- 
2. For second pendulum, 12 x i— (i) 
VE 
For the pendulum that gains n second, 
360 fh р 
3600+п Vg fii) 
For the pendulum that looses n sec; 
3600 Ly E s 
3600-n Ng (iii) 
Dividing equation (i) by (ii), we get 
3600+n [T | 
3600 V n ...(iv) 
Dividing (i) by equation (iii), we get 
3600-n [T 
3600 Vi, zd 








Randhawa Institute of Physics, SCO-208, First Floor, Sector-36D, Chandigarh. Mobile : 9814527699 Ph.: 0172-2620699 
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Adding equation (iv) and equation (v) If we assume no dissipation of energy occurs the 








= total power radiated remains constant at 20 W m? 
2- T 4d 3 and 
= 1 п ...(V1) 
1 2 20 
On squaring both sides and solving, ^ ^ Vanx (x10 710777) -22km 
411, "P ke 
=—— 5. As intensity level B is given b 
hth 2L ; : x E i 
B - 101og—— -. реле” 
3. (KEY. Е I, o^ = gr (r -a) a 9 
1 Ohjuifrerentistion wegen 1278010 
ifferentiation w — = 
л y Бе WB. 30 
f “a8 Inl0 
r 
la is? Hence — ~ - AB 
CG I I 10 
i mg 
(~ a) " 


AT 
for AB = 1 dB, we get — = 2396 
where, 1, = Tey + m (r – ay A 





— l~ та? + т (ғ — а)? $ dl lniO ab ,, 
"Mar (rad On integrating P ТОТА г, 
(KE А = (PE) max t 

we get ИШ азы 
mr(r — a) o? = mga (1 — со$Ө) | Mt). 10 ?dt 

ES / d taking 7 = h 
4.(a) Intensity at a radial distance of 4 m from the | AS — dB/ year and taking /(t,) = 2(t,), we have 
e. 

uL At zi —l ~ 1904 = 3 year. 


1510 
р, 20 


"Amr? nay 
-. Sound intensity level. 


=9.9x10 W/m? 





which is the required time for intensity to double. 
А E 


“pment 
B= 10log,, | 7-| 


4 
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PAPER - | 


PHYSICS 


Section - I (Q. No. 1 to 12) 
(Only one option is correct) 


1. Starting from rest when 5 = 0, pulley А is given a 
constant angular acceleration of 6 rad/s?. The speed of 
block B when it has risen by S = 30 m will be (Given: 
radius of pulley r, = 50 mm, r¢= 150 mm, ғ = 75 mm). 





t 
S 
(b) 3 m/s 
(d) none of these 


(a) 2 m/s 
(c) 4 m/s 


2. If force F is increasing with time and at ¢ = 0, 
F = 0, where will slipping first start? 
ғ 


(a) between 3 kg and 2 kg 
(b) between 2 kg and 1 kg 
(c) between 1 kg and ground 
(d) both (a) and (b) 


3. А ball of mass 1 kg is 
suspended by an inextensible 
string Im long attached to a 
point O of asmooth horizontal 


p=0.5 
1L 70.3 
u = 0.1 








bar resting оп a fixed smooth supports 4 апа В. The ball 
is released from rest from the position when the string makes 
an angle of 30° with the vertical. The mass of the bar is 4 kg. 
The displacement in meters of the bar when the string makes 
the maximum angle on the other side of the vertical is 

(a) 0 (b) 0.2 

(c) 0.25 (d) 0.5 


4. Two identical discs of radius R and mass m each are 
connected by a light rod as shown in figure. A block of 
height 2R and mass 2m collides elastically with the disc 
A. Just after the collision, the direction of frictional forces 


on A and B respectively will be 
A 





[1 н 
(a) leftwards, leftwards (Ы) leftwards, rightwards 
(c) rightwards, leftwards (d) rightwards, rightwards 


5. Suppose that earth suddenly shrinks in size under 

some internal forces. Assume that it remains perfectly 

spherical and its mass remains unchanged. Then, 

(a) the duration of day will decrease 

(b) the kinetic energy of rotation about its own axis will 
remain unchanged 

(c) the duration of year will decrease 

(d) all the above 


6. A conical metallic body is heated at middle. If the 
body was truncated from its ends then 

L R 
| 








| 
Неа! 


By : insight Gateway to IITs, Kota (Rajasthan). Ph. : 0744-2433425, 9352603206 
For detailed answers of the. paper, log on to institute's website www.insightiitjee.com 
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(a) there will be no effect on the body 
(b). no strain is produced in the body 


(c) maximum compressive stress will be on the side of | 


the body towards L 
(d) maximum compressive stress will be on the side of body 


towards R 
7. A detector is released from 
rest over a source of sound of fq 
frequency fj-10? Hz. The  !!00r--- | 
frequency observed by the 1000 
detector at time £ is plotted in the ed (s) 
graph. The speed of,sound in air 
is (g = 10 m/s?) 
(a) 330 m/s (b) 350 m/s 
(c) 300 m/s (d) 310 m/s 


8. Two thin rods are arranged 
as shown in figure. The system 
is heated uniformly and slowly 
such that it's temperature 





increases at a rate R= ат. The speed of point C will be 


(a) zero (b) (Ло, + Ља,)А 
(с) (a? + 1202 y?R (d) none of these 
9. A body cools in a 


surrounding which is at a 
constant temperature of Ө. 
Assume that it obeys Newton's 
law of cooling. Its temperature 0 
is plotted against time 7. Tangents are drawn to the curve 
at the points P(0 = Ө,) and Q(0 = 0,) . These tangents 
meet the time axis at angles of 6. and ò as shown in 
figure. Then 











tand, 0,—0, ©) ‘and, o 
tang, 0р ќапф 60; 
(©) tanp 6. (d татф, Ө, 


10. A light ray is incident оп a glass slab with variable 
refractive index given by р =1.5 (1 + x) where x, y axes 
are taken as usual. Outside refractive index is 2. Which 
of the following figures represents the trajectory of the 
ray correctly? 


1 ) 
T s i LO 
/ 


(0,0) : (0.0) x 
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(0,0) x 


(0.0) x 


11. A plane mirror falling vertically as shown in the 
figure. If S is a point source of light, the rate of increase 
of the length AB is 







accel = g m/s? 
Height = x mts 


4————— B 
(a) directly proportional to p 
(b) constant but not zero 
(c) inversely proportional to x 
(d) zero 


12. In the given potentiometer arrangement, the null 
point 





Vy R 


(a) can be obtained for any value of V 

(b) null point can be obtained only if V « V, 
(c) null point can be obtained only if V> V, 
(d) can never be obtained 


Section - II (Q. No. 13 to 20) 
(More than one option may be correct) 


13. A particle strikes a horizontal smooth floor with a 

velocity 4 making an angle 0 with the floor and rebounds 

with velocity v making an angle $ with the floor. The 

coefficient of restitution between the particle and the 

floor is e. Then 

(a) the impulse delivered by the floor to the body is 
ти(1 + е)ѕіпӨ 

(b) tanó = е tanO 


oS ee 

(€) veudl—(1 - e? sin? 0 

(d) the ratio of the final kinetic energy to the initial 
kinetic energy is cos?0 + e?sin?0 
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14. Two boats of base areas A, and 
Аз, connected by a string are being 
pulled by an external force Fy. The 
viscosity of water is ņ and depth of the 
water body is H. When the system attains a constant speed, the 
tension in the thread will be 

A 


(b) Th EAD 


(a) zero 


(c) Fo ESOS (d) none of these 

15. А large flat plate of area A is kept such 

that the temperature of surroundings to it's 

left is 7, and to it's right is T5. Assume that 7 Т, 
heat transfer takes place only through 
radiation and that the plate has a very large 
thermal conductivity. The equilibrium 
temperature of the plate will be 


7 1/4 
T4 n 
2 





(a) (b) (Tf + TA“ 


(c) somewhere between 7; and 7, but the exact value 
cannot be predicted by given data 
(d) none of these 


16. A radioactive material of half-life 7 was produced 
in a nuclear reactor at two different instants. The quantity 
produced second time was twice of that produced first 
time. If now their present activities are 4, and 4; 
respectively then their age difference equals 





Poets, A 
@ mI (ua net 
JD dy da Hm 
(©) ina 24, (9) Tin, 


17. A part of the 2V 
circuit is shown in if 

the figure. All the | 

capacitors have У, esl L—H Box 
capacitance of 2uF. 4 2V 9 
Choose the correct alternative 

(a) charge on capacitor С, is zero 

(b) charge on capacitor C, is zero 

(c) charge on capacitor С, is zero 

(d) charge on none of the capacitors is zero 


18. A planet having surface temperature ГК has a solar 
constant S. A solid angle Ө is subtended by the sun at the 
planet 
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(a) Se T? (b Se Tt (с) Sx@ (d Sx 0 


19. Starting from rest a particle is first accelerated for 
time ¢, with constant acceleration a, and then stops in 
time г, with constant retardation a». Let v, be the average 
velocity in this case and s, the total displacement. In the 
second case it is accelerated for the same time ¢, with 
constant acceleration 2a, and comes to rest with constant 
retardation a, in time 54. If v, is the average velocity in 
this case and s; the total displacement, then 

(а) v; = 2v, (b) 2v, < у, < 4v 

(c) 5›= 2s, (d) 2s, < s < 4s, 


20. A particle is projected from a point P with a velocity 
v at an angle 0 with horizontal. At a certain point Q it 
moves at right angle to its initial direction. Then 

(a) velocity of particle at Q is vsinO 

(b) velocity of particle at О is vcotO 

(c) time of flight from P to Q is (v/g) cosecO 

(d) time of flight from P t. у is (v/g)sec0 


ИШИНЕ STET 
Section - 1 (Q. No. 21 to 32) 
(Only one option is correct) 


21. Which ofthe following will have structure different 
from others ? 
(a) Os (Ы) $0; 


22. Denticity of ligands 1,4-diaza-2,5-cyclohexadiene, 
[fig (а), and adenine, [fig (b)] is 


(c) С1,0; (d) №0; 


H NH, 
N N« ARN 
(0 C a 
(а) Nn’ (p Хм Ў 
| / 
H H 
(а) 1,2 (022 (0) 1,1 (d) 2,5 
23. A manufacturer of & 


barometers discovered that 
a recently prepared lot of 
hundred barometers had a 
notable defect : the glass 
tube in these cases had non- 
uniform cross section due to 
a slight constriction towards 
the center. How can the 
manufacturer correct this 


JPA пароод 


Constriction ` 


Не 
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defect? 

(a) This causes no defect in the reading 

(b) By introducing some air in the empty space over Hg 
column in the tube 

(c) By adjusting the marking on the wooden scale such 
that the readings in the zone of constriction should 
indicate the distance on curved surface of glass 
measured in vertical direction 

(d) He should throw these barometers and make fresh 
ones if he wants to save his reputation 


24. A mercury drop of radius 1 cm is sprayed into 10° 
droplets of equal size. Calculate the work done if surface 
tension of mercury is 35 x 10? N/m. 

(a) 6.36 x 105] (b) 4.356 x 103] 

(c) 3.333 x 10] (d) 5.64 x 10°°J 


25. When aqueous ammonia is added to silver chloride, 


the salt dissolves. Which ofthe following helps to explain | 


the observation? 
(a) Ammonia depresses the concentration of [СГ] 
(b) NH,* and СІ have great affinity for each other 


(c) The ionic product of [Ag*],, and [СГ] in the | 


solution is less than or equal to the solubility product 
of silver chloride just after adding ammonia 
(d) Ag precipitates as complex ion [Ag(NH;);]CI. 


26. A simple model for enzyme-catalyzed reaction is 
given by the following set of equations 


— 





& 
Reaction coordinate -—^ 
Fast 
E + S =к=== Е$ 
(enzyme) (reactant) (intermediate 1) 
ES m EP 


(intermediate 1) (intermediate 2) 





EP 
(intermediate 2) 


E + P 
(enzyme) (product) 





This is known as the Michaelis-Menten mechanism. The 
potential energy diagram is shown in figure. Which of 
the following sets of identifications is correct? (Assume 
that temperature and pressure are constant.) 
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A B C D 
(a) E+P EP ES E+S 
(b) ES Activated EP Activated 
complex complex 
(c) EP Activated ES Activated 
complex complex 
(d) E-S ES EP E+P 


27. Which of the following will be a B-emitter ? 
(a) iB (b ?D 
(c) 22№е (d) all of these. 


28. Which of the following has minimum oxidation 
potential? 
(a) Li (b) Na 


(c) Rb (d) Cs. 


29. Which of the following will undergo minimum 
hydrolysis with water? 
(a) AsCl, (b) SnCl, 


(c) SnCl, (4) CdCl, 


30. Which ofthe following gases when bubbled through 
lime water will not turn it milky and then colourless? 
(a) SO, (b) CO, (c) SO, (d) COCL 


31. If C,H;OH represents a primary alcohol, which of 
the following will be the possible stable structure? 


(a) pr. 
(c) ee 


32. Consider 
(I) NC up NN (Ш) ON zr ARNO, 
О O 


| 
@) AAAAS 


О О 
ау). o^ Ми Меи M "92 
The correct order of their acidity is 
(a) (ID) > (D) > (ID > (IV) 
(b) (ID > (Ш) > (Т) > (IV) 
(c) (IV) > (IID > (ID > (П 
(d) none of these 


Section - II (Q. No. 33 to 40) 
(More than one option may be correct) 


OH 


(d) er 


OH 


33. When an aqueous solution of lithium chloride is 
electrolysed using graphite electrodes 
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(a) 
(b) 
(c) 


pH of the resulting: solution increases 

pH of the resulting solution decreases 

as the current flows, pH of the solution around the 
cathode increases 

as the current flows, pH of the solution around the 
anode increases 


(d 


— 


34. Which ofthe following is unstable(does not exist at 
room temperature)? 
(a) Cul, (Б) CuCl, 


35. Which of the following mixtures, when dissolved 
in water, will give hydrogen gas at cathode when 
electrolysed using inert electrodes under standard 
conditions? 

(a) K,CO, and Na,SO, (b) NaCl and CaCl, 

(c) Ba(NO;), and Pb(NO,), 

(d) CuCl, and potash alum 


(c) TIF, (d) SnPbO, 


36. Electrolysis of aqueous solutions of which of the 
following substances results in only decomposition of 
water? 

(a) Potassium chloride (Б) Zinc sulphate 

(c) Potassium hydroxide (d) Sodium phosphate 


37. The probable products of the following reaction can 


be 
H 


b 
"ICH, C;H,O7C;H,OH 
«C T ee 
p HH 
CH, H 
"ICH; 
(a) 7, () ууу och, 
H D p H 
H 
"CH, pH 
(c) (d) CH, 


D 


38. Which of the following is correct? 

(a) CsI, is thermally more stable than [N(CH3)]'T;7 
(b) BaSO, and KMnO, are isomorphous 

(c) CsClO, is less soluble than LiClO, (in water) 
(d) None of these. 


39. K,S,0,, acidic K,8,0, and acidic MnO, oxidise 
Г, Br, СІ to L, Br; and CL, respectively from the given 
data, the sequence that represents the correct order of 
increasing oxidisng ability is 
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(a) acidic MnO, > K,S,0, > CL 

(b 5» К,5,0:> Br; (с) _K,S,0, > L> Br; 

(d) СІ,> K5S,0, > Br. 

40. The following conversion reaction can be carried 
out by using reaction sequence/s. 


(a) NaBH, Аро, А, O,/H,O(oxidative) 


(b) Zn/Hg/HCl, A, Br,/hv КСМ H,0*,A 
р р р р 


(с) Heat I,/NaOH, д H* 
— p ————— — 
(d) KMnO,/OH-/ heat 


MATHEMATICS 
Section - I (Q. No. 41 to 52) 
(Only one option is correct) 





x 2/3 
a. if f(x) = | ia = f, 








at d 
L7 an 
(soy 
f (72) is equal to 
(a) 2 (b) 3 (c) 6 (d) 0 
42. If the slope of tangent to the curve 
l sin? x 
y 7 fx) is G then f(x) is periodic function with 
x 
principal period 
(a) л (b) 2л 
(c) (d) non periodic 
cos8 
43. | /(хлїапӨ) a(o #5 мег) is equal to 
sin8 
tang 
(a) -cos0 | Гот) а 
ѕіпӨ {ал Ө 
(b) -tan f f(x)dx (с) sino f /(хсозб) dx 
со$Ө 1 
| sin 8 tan@ 
@ xs J foe 
sin8 
2n' +1 
lim ni Sr +1 ] 
44. The value of AC A) is equal to 
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1 \2/5 
o 0) 
45. If p апа д are two mutually perpendicular unit 
vectors and if the vectors 

{ro +rB + 5(axB)} 

{а + (& х В)} and {sa+sh+7(a x B)} 
are coplanar, then s 
(a) is the A.M. of r and ¢ 
(b) is the G.M. of r and £ 
(c) is the H.M. of r and t 
(d) none of these 


46. The auxiliary circle of a family of ellipse passes 
through origin and makes intercept of 8 and 6 units on 
the x-axis and the y-axis respectively. If eccentricity of 


(a) 1 (b) 0 (d) е25 


all such family of ellipse is 5 then locus of the focus 


will be 
х? у? 
(а) old 25 
(b) 4x? + 4y? - 32x – 24у + 75 = 0 
2 2 
X ^ Y 415 
(c) l6 9 25 (d) none of these 


47. Locus of point of intersection of the perpendicular 
lines are one belonging to 

(х+у-– 2) +A(2x + Зу - 5) = 0 and other to 

(2x +y- П) + Ax + 2y- 13) = 0 isa 

(b) straight line 

(d) none of these 


(a) circle 
(c) pair of lines 


48. The length of the latus rectum of the hyperbola 





2 2 
=~ n = 1 for which there is only one tangent at a 
d 3 
distance of 1 unit from the focus (6, 0) is 
22 11 
(a) = (b) 5 
5 
(c) її (9) none of these. 


49. If coefficient x” in 
(1 + x)!9! (1 — x +x)! is non-zero, then и cannot be of 
the form 

(а) 34+ 1 (b) 3t 


(с) 3¢+2 (d) 4+1 


50. Five teams of equal strength play against each other 
in a tournament and each match either ends in a win or 
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loss for a team. The probability that no teams win all its 
games or loss all its games is 


17 5 
(a) 35 (b) 16 
15 
(с) 35 (d) none of these 








s (IR з=)" 


then points A(z,), B(z;) C(3, 0) and D(2,0) (taken in 
clockwise sense) will 

(а) lie on a circle only for k > 0 

(b) lie on a circle only for < 0 

(c) lieona circle V ke R 

(d) be vertices of a square V ke(0,1) 


52. Each square of a 3 x 3 board is coloured either red 
or blue at random ( each having probability 1/2). The 
probability that there is no 2x2 red square is 


417 117 
(а) 512 (D 312 
(с) E (d) none of these 


Section II (Q. No. 53 to 60) 
(More than one option may be correct) 


53. Let e be the eccentricity of a hyperbola and Де) be 
the eccentricity of its conjugate hyperbola then 


3 
[ff ff) de is equal to 


1 n times 


(a) 4 if n is even 
(c) 2 if n is even 


(b) 4 if n is odd 
(d) 242 if n is odd 


54. Which ofthe following functions are odd functions? 





г = p. 
(а) fG) di us 
(b) fo) x (senex?) 
(c) roZ M reco aco 


(d) f(x) = {g(x)+ 2) (G0) + h(-x)} 


55. Forthe function f(x) = cos  x--cos | x? which of 
the following statements is / are true? 

(a) f(x) is always decreasing 
(b) f(x) is decreasing in [0, 1] and increasing in [71,0] 
(c) f(x) has only one local maxima 

(d) f(x) has only one local minima 
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Be, In fe) pe tale 
l+x 

(a) f(x) is increasing in [0,1] 

(b) Дх) is continuous in [0,3] 

(c) f'(x) does not exist at x = I 

(d) Дх) has a maximum at x = 1 


0<х<1 
feng 


57. If L, and L, are two lines belonging to family of 
lines 

(34+ 2A)x+(4+3A)y-7-5A=0 (A is parameter) 
such that at maximum and minimum distance from (2,3) 
respectively, then the equation of lines passing through 
(1,2) and making equal with Z, and L, is/are 
(а) x+2y=7 (b) 3x +y=5 
(c) x - 3y = -5 (d) none of these 


58. Let &,B andy be the unit vectors such that 
& and В are mutually perpendicular and y is equally 


inclined to б and В at an angle Ө. If 


ү=х@+уў+2(&+ B), then 


(а) 221-22 (b 221-2 
(c)z-21-x-y (d) х2 = у 
59. Ifp+q+r=0=a+b+c¢, then the value of the 
pa qb re 
determinant |48 /@ Рб is 
rb pc qa 
par abe 
(a) аса p p (b) Parle а b 
rrq bca 
(с) (P * Prep + 49 +) 


| (d) 0. 


| 60. Ifa, b, c form A.P. with common difference d(z 0) 
| and x, y, z form a G.P. with common ratio r(x 1) , then 
the area of the triangle with vertices; (a, x), (b, y) and 
(c, z) is independent of 
| (a) a (b) b 


(c) x (d) r 
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PHYSICS 
Section I (Q.No. 1 to 10) 


Comprehensive questions 


Comprehension -1 : A stable collection of charges 
One important question regarding a static distribution of 
charges was asked long back in 1904 by J.J Thomson, 
the discoverer of electron. Thomson’s question was this: 
How should я identical point charges be distributed on 
a plane circular area such that the total electrostatic energy 
of the distribution is minimum? 

Since the time of Thomson, a lot of effort has gone into 
answering this seemingly simple question. Common 
sense would suggest that N identical charges, constrained 
to be on a circular area, would lie on the circumference 
and arrange themselves on a regular polygon of N sides. 
But the answer is not that simple. 


In 1985 Satanand Gupta came up with a very surprising | 


answer for the distribution of these charges. He showed 
that the simple intuitive answer is all right as long as 
there are 11 or less charges. When there are 12 charges, 
be found that for minimum energy, 11 charges should be 
spaced symmetrically on the circumference of the circle 
and one charge should sit at the centre. He said that for 
all N > 12, the minimum energy arrangement will have 
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N — 1 charges equally spaced on the circumference and 
one charge at the centre of the circle. 
| Improved calculations in 1986 by Tikam Roopchandani 
indicated that Satanand's results are valid only for 
N = 12 to 17. For N = 18, he found that 16 charges 
| should be placed symmetrically on the circumference and 
the two charges should be placed symmetrically about 
the centre at some distance from it. When one more 
charge is added to this (i.e. N = 19), the added charge 
should go to the centre and rest everything remains same. 
For greater values of N no conclusive results have yet 
been obtained and this problem is still keeping many 
scientists occupied. May be in future one of you would 
be able to get to the correct result for a general value 
of М! 
1. Supposethat you are given six identical point charges 
and you have arranged them in a circular region of area 
A such thatthe potential energy ofthe system is minimum. 
Then the distance between the two adjacent charges 
would be 


Á A | {A 
a |5; (by qr. O ут (а) ala 


2. If15 charges are to be arranged on a circular region 
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such that the potential energy of the system is minimum 
then they should be arranged as 


(a) 





(с) q q (d) 





q q 
3. If18 charges are to be arranged on a circular region 
such that the potential energy of the system is minimum 


then the best arrangement will be 
q 
q 





4. According to the information given in the passage, 

if 19 identical point charges are arranged on a circular 

region such that the potential energy of the system is 

minimum then, for the arrangement, choose the incorrect 

statement. 

(a) At least three charges will be collinear 

(b) At the most five charges can be co-linear 

(c) One charge has to occupy the centre 

(d) There is at least one charge whose distance from all 
the other charges is equal 


5. Suppose that you are given six identical point 
charges. You are free to place them anywhere on a circular 
region of radius r. If each charge is g, the minimum 
possible value of potential energy of the arrangement 
will be 

(a) zero (b) Ка? 
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Comprehension - 2 : Stable and unstable equilibrium 
A body is said to be in 
equilibrium when the net 
force acting on it is zero. 
Suppose that it is displaced 
slightly from the equilibrium 
position. After displacement, 
if the forces act on it in such 
a way that it is displaced 
further away from the 
equilibrium position then it 
is said that the equilibrium 
is unstable. On the other 
hand, if the forces act on it 
in such a way that the body tends to move back to 
equilibrium position, then we say that the equilibrium is 
stable. Lastly, if the body neither tends to move away 
nor towards the equilibrium position, we say that the 
equilibrium is neutral. 

For example, if a hemisphere is kept on a flat horizontal 
plane as shown in figure 1 then it is easy to see that the 
hemisphere is in stable equilibrium. 

On the other hand, if we manage to balance a table-tennis 
ball over a football as shown in figure 2 then the table- 
tennis ball will be in unstable equilibrium. 

Some elementary questions of 
stability are answered by 
common sense as seen in above 
examples. But there is a large 
variety of questions which may 
require some mathematical 
calculations. We will study one 
such case. Suppose that a body (Body-I) with a curved 
bottom is balanced on a body (Body-IT) with curved top 
as shown in figure 3. It is given that no slipping is possible 
between the bodies. 

Body-l will be in equilibrium when its centre of mass 
lies vertically above the point of contact. Let R, and R, 
be the radii of curvature of two surfaces at the point of 
contact. Let the height of centre of mass of body-I be 
at a height h above the point of contact. 

Then it can be mathematically proved that if the upper 
body is displaced slightly from the equilibrium position, 
it will be in 








NOW TTT TET TST TT TTS 
figure 1 


aa 


figure 2 





figure 3 


ol. 
R, 

Contd. on page no. 60 
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== 


1 
Stable equilibrium if ` pees 
І 


Fom 26 and go back . 


Contd. from page no. 26 


т 11 
Unstable equilibrium if 7 *'g tR 
Note that the proof has been avoided here to keep the 
passage simple. 
Let us look at some simple examples of the above result. 


Example 1 : Suppose that a 
hemisphere is kept over another 
hemisphere as shown in figure. 
It is given that the centre of 
mass of a uniform solid 


hemisphere lies at a height T 


0 
"(0 


P 
from it's base on it's axis. If the 


radius of lower hemisphere is 10 cm, for what values of 
R, will the upper hemisphere in stable equilibrium? 
Here, 


Or. (sr. E r 
Let R =r 

So, for stable equilibrium, ЕТ 
ЕЕЕ Gr 

a о 3.7 


=> r<6cm. 


Example 2 : If the hemisphere in the previous problem 
is inverted. 

Then, h = 3r/8, № — œ (for a plane surface) and 
R, = 10 ст 

So, for stable equilibrium 


280 
TU 


—? 


8/3r > 1/10 + l/æ 
for stable equilibrium of upper hemisphere. 


6. A cube of side length a ; 
is resting on a hemisphere of è 
radius r. The maximum value : 
of a/r for which the cube will 


be in stable equilibrium is 


(a) zero - 





(b) 1 
(c) 2 
(d) infinity 


бы isphere | 


7. А cone of height 
2 cm is balanced on a 
hemisphere of radius 
10 cm. It is given that the 
centre of mass of a solid 
uniform cone lies at a 
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height //4 above its base. The cone will be in 

(a) stable equilibrium (b) unstable equilibrium 

(c) neutral equilibrium 

(d) stable or unstable equilibrium depending on the 
radius of the circular base 


8. Two equal point masses M each are suspended from 
a thin rod of mass 
2 M and length 
100 cm. The rod 
is placed 
equilibrium on a hemisphere of radius 50 cm. For 
checking the equilibrium, the value of Л in formula 
1 d]. nel 


10cm f 


in 


— >< -- 4 

h RE ORS 
derived in the passage should be kept as 
(a h=0 (b) h= -10 cm 
(c) h= 10cm (d) h= –5 cm 


9. The arrangement described in Q.8 will be in 
(a) stable equilibrium (b) unstable equilibrium 
(c) neutral equilibrium (4) half stable equilibrium 


T 


10. A cone of height r and base 

radius also r is stuck on the flat 

surface of a hemisphere, also of 

radius r. The arrang ement is 

placed on a horizontal plane as 

shown in figure. The arrangement will be in 

(a) stable equilibrium (b) unstable equilibrium 

(c) neutral equilibrium 

(d) stable / unstable equilibrium depending on what my 
partner thinks 


Section-II (Q.No. 11 to 15) 
Match the columns 





11. 
(a) 


Column II 
(Р) а 


Column 1 

Velocity at t — 0 of a particle 
following the equation 

x = u(t — 8) + a(t — 2)? 
Acceleration of a particle 
moving according to equation 
х= 4(¢-5)+ a(r-2Y аг = 0 
Velocity of the particle moving 
according to equation 

х= ні + 502 In(1 1/2) + a£ 
atr=0 

Acceleration of the particle moving (S) и — 4a 
according to the equation 

х= ut + 502 In(1 + 1/2) + af 


(b) (Q) 2a 


(c) 


(R) u 


(d) 
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12. A person A can swim in still water with a velocity 

5 m/s. If the water is flowing at a speed 3 m/s and if 
Column I Column II 

(a) The man swims ina (Р) he will cover a drift 

direction perpendicular in the direction of 

to the flow of river river 

in frame of river then 

The man swims at an 

angle of 150? to the 

direction of the flow of 

river in river frame then 


(Q) he will cover zero drift 


(b) 


(c) The man swims atan (R) he will cover drift in 
angle of 53? to the a direction opposite 
direction of flow of river — to the rivers flow 
in river frame then 

(d) The man swims atan (S) he will take minimum 


angle 90? to the flow of 
river, in ground frame 
then 
13. A projectile is thrown at an angle 6 with the 
horizontal with a initial velocity уо. If the magnitude of 
velocity of the projectile and time are related as 


w(t) bY c 
ic f=) = —, then 
a a, a 


possible time to cross 
the river 





Column I Column II 
(a) Range is (P) c 
(b) Height is (Q) 2b/a 
(c) Time of flight is (R) 2bcla 


(d) 
14. A particle moving in horizontal plane along a curve 
whose equation in polar co-ordinates is r = 2acos0 
Column I Column II 
100a 
Уз 


Velocity at highest point (S) 5?/2a 





(a) If d@/dt = 5 rad/s 
and 0 = 60°, then 


(P) ay= (1-42) m/s? 


50a 
(b) If v= 10а m/s and (0) ap = > m/s? 
y3 
6 = 30°, then 
29 25 
(c) If a Nc and (К) ay = 100a m/s? 
0 = 45°, then 
50a 
(d) If o = 10 rad/s апа (S) ат= 2448 m/s? 


Ө = л/2 rad, then 
(T) аг = 0 m/s? 
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15. In the given systems 2 beads each of mass m are 
constrained to move only in vertical direction. 

Match the corresponding constraint relations for the 
system shown in the left column 


(P) v; = 0 


(О) vs = vc 


(R) ув = —vc tan?0/2 


(S) ув = —vc (ѕесӨ – 1) 


(T) ус = v&(1 + sec0) 





Section-IHI (О. No. 16 to 20) 
Subjective Questions 
16. Two landing-stages M and K are served by launches 





thatalltravelat Sikm , 1 2 3 4 5 6 

the same speed 20 FERSRARRARAARARARNI 

relative to the NANI 

water. The . A AK АУУ 
distance NY 

between the Ai IN 
landing-stages A AANA 

is 20 km. It is e LUN M 


covered by each launci; irom M to К in one hour and 
from K to M in two hours. The launches leave the two 
landing-stages at the same time at an interval of 
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20 minutes and stop at each of them also for 20 minutes. 
Determine (i) the number of launches in service (ii) the 
number of launches met by a launch travelling from M 
to K (iii) the number of launches met by a launch 
travelling from K to M. 


17. A block of mass м » 
is placed on a wedge of 
mass M as shown in 
figure. Find the 
accelerations of the block and the wedge in the reference 
system fixed to the table, and the reaction. Friction is to 
be neglected. Analyse the limiting case when the wedge 
remains stationary. 


18. In figure, a block 
slides along a track from 
one level to a higher level, 
by moving through an 
intermediate valley. The 
track is frictionless until the block reaches the higher 
level. There a frictional force stops the block in a distance 
d. The block's initial speed vg is 6 m/s, the height 
difference / is 1.1 m and the coefficient of kinetic friction 
p. is 0.6. Find d. 


19. In a cylinder filled up EE 
with ideal gas and closed f 

from both ends there is a | 
piston of mass m and cross- М 
sectional area S. In (oe 

equilibrium the piston divides the cylinder into two equal 
parts each with volume Vy. The gas pressure is Po. The 
piston was slightly displaced from the equilibrium 
position and released. Find its oscillation frequency, 
assuming the processes in the gas to be adiabatic and the 
friction negligible. 








20. A hemispherical bowl of radius R is set rotating about 
its axis of symmetry which is kept vertical. A small block 
kept in the bowl rotates with the bowl without slipping 
on its surface if the surface of the bowl is smooth and 
the angle made by the radius through the block with the 
vertical is 6, find the angular speed at which the bowl 
is rotating. 


CHEMISTRY 
Section I (Q. No. 21 to 33) 
Comprehensive questions 


Comprehension I : In monosubstituted benzene 
derivatives, if the substituent group provides electron 
density to the ring by its resonance effect, it is always 
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ortho/para directing. The arenes (alkyl benzenes) 
stabilize the arenium ion by +I and hyperconjugative 
effect so are also activating and ortho/para directing. If 
the substituent group withdraws electron density by 
resonance effect then it is meta directing. In case of 
disubstituted benzenes, the strongly activating group 
dominates over weakly activating or deactivating groups 
in deciding the orientation of major product. There is 
often little substitution between two groups that are meta 
to each other due to steric crowding. 


21. In the following reaction the monochlorination 
mainly takes place at 


2 


Y CL/SbCI, (monochlorination) 
one ‘= —— de 
о 
т 
(а) ortho position 


(c) para position 
(d) both ortho and para position 


(b) meta position 


[ 
о O 
ү xe 
к l Br,/F 
22. 4 | — > ; The major substitution is 


taking place at position 


(a) ! (b) 2 (c) 3 (d) 4. 
HC — CH - COOH 
23. EO The major 


product is 


HC = СН ~ СООН HC = CH - СООН 


(a) (b) 
cl 
С 
он d 
| 
HC— CH - COOH HC — CH - COOH 
Ici s 
d 
(с) (4) || = 
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24. Which of the following aromatic ring is most basic | (c) Silver ion and perchlorate ion 
with DF/BF,? (d) All of these. 


CH, CH, 27. Which of the following ions will be capable of 
CH, causing catalytic decomposition of H,O,? 

(a) Fe (b) Fe? 

(c) Both (a) and (b) (d) None of these 


(a) (b) 
CH; CH; 28. Which statement about standard reduction potentials 

is correct? 

(a) E°ptp, = zero at 298 К 

(b) Енн, = zero at all temperatures 

(c) A redox reaction is feasible if sum of SRP of oxidant 
and that of reductant is a positive quantity 

(d) K,Cr,0, (acid) is stronger oxidising agent than 
KMnO, (acid). 


CH, CH, 

CH, 
(c) (d) 
CH, H,C CH 


И || 
25. OMe" “уон + а-8-0 Ум 
\=/ |1 


О 29. Which is correct about the reaction between НО, 
and O4? 

(а) О; will oxidise H,O, into O, 

(b) It is a case of mutual reduction 

(c) It is not a redox reaction 

(d) Н,О, being a stronger oxidising agent will 

decompose ozone into oxygen. 
| 


НСІ Br,/Fe H* 
— my ee 

(0) (2) (3) 
The major product is 
Вг, Вг 


e mot) ө мо-( S-on 


Вг 


(с) Meo X (d) моу con 
Nem 


Br 


Comprehension - 3 
strongl 
M ^4 heated 


(colourless UN несі 
hydrated salt)\ ———>> 


P Q, О + Hg(NOj), —> (А) ppt. 


“ойноп > y à i 
P. (whiteppt) (black ppt) 


Comprehension-2 dil. HC! 
i f 
white PSs excess of 


Standard reduction potentials (SRP) for different systems 





$ А т idi E y A col 
can be used to decide the spontaneity of a reaction turbidity (M) soln. pod 
e.g. E?z4244, = — 0.76 V, hence for the reaction N prolonged tear 
Zn + 2H* — Zn% + Н», AG? is negative. It has been eee um OROA 


found experimentally that if (SRP of an oxidant — SRP 
of areductant) is more than 1.7 V, then their combination 31. The colour of the compound R is 


may lead to explosion (though it may be prevented by | (а) white (b) yellow 
kinetic factors). Now go through the following data and | (¢) black (d) brown 
answer the questions. 32. The structure of compound P is 
HANE = н Е. (а) linear (b) crown shaped 
E^Ag*g = 0.80 V s E nmg = 309 V (c) square pyramidal (d) zig-zag chain 


Е°согтюю;- = 1.23 V ; Ема 7-271 V | 

Ез + 077У i Ено, 7-103 V 33. Compound M is used | [ | 

E? momo = 1.76 V; E°oyo, = 2.07 V (D in photography (II) in analytical chemistry 
Eimon 1.54 У ; Ё®с„оу-са+= 1.33 У | Mas a dehydrating agent 


. Меди сүй (IV)as an oxidising as well as reducing agent 
26. Which ofthe following ionic combinations may lead | Choose the correct option. 


to the formation of explosive substance? (a) 1, Ш (b) I, П and Ш 


(а) Silver ion and azide ion (c) LII (d) 1, II, III and IV. 
(b) Sodium ion and azide ion M 
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Section-II (Q. No. 34 to 37) 
Subjective Problems 


34. Rate of a reaction A + B — product is given as a 
function of different initial concentrations of A and B. 


[A/mol L [B]/mol L" луто! L^ min? 
0.01 0.01 0.005 
0.02 0.01 0.010 
0.01 0.02 0.005 


Determine the order ofthe reaction with respect to 4 and 
with respect to В. What is the half-life of A in the 
reaction? 


35. Calculate the concentration of ammonium ion that 
is required to prevent the precipitation of Mg(OH), in a 
solution with [Mg?*] = 0.10 M and [NH;] = 0.10 M. Two 
equilibria are involved in this system. 

Mg(OH), == Mg” ug + 20H rag) 


Kp=1.5x100 (i) 
NHaap + H;Oy = МН, ag) + OH 
Kp=18 x10% (ii) 


36. A well known orange crystalline compound (4) when 
burnt imparts violet colour of flame. (4) on treating with 
(B) and concentrated H,SO, gives reddish gas (C) which 
gives reddish yellow solution (D) with alkaline water. 
(D) on treating with acetic acid and lead acetate gives 
yellow precipitate (E). (B) sublimes on heating. Also on 
heating (В) with NaOH, gas (F) is formed which gives 
white fumes with НСІ. What are (А) to (F) ? 


37. Reaction of 3,3-dimethyl-I-butene with hydrogen 
iodide yields two compounds A and B, each having the 
molecular formula C;H I, in the ratio 4 : В = 90 : 10. 
Compound A, on being heated with potassium hydroxide 
in n-propyl alcohol, gives only 3,3-dimethyl-1-butene. 
Compound В undergoes elimination under these 
conditions to give 2,3-dimethyl-2-butene as the major 
product. Suggest structures for compounds А and B. 


Section-Ill (О. No. 38 to 40) 
Match the columns 


38. Column I Column II 
(a) Isothermal vaporisation (P)AT-0 
of water at 100°C 
(b) Isothermal reversible (Q) AE=0 
expansion of an ideal gas 
(c) Adiabatic compression (R) AH = 0 
of an ideal gas 
(d) Adiabatic free expansion (5) O=0 


of ideal gas 
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39. Which compounds in column (I) shows a 
characteristic test with reagents in column (II)? 


Column I Column II 
О 
P 
(a) í Pi H (P) Tollen's reagent 
v 
i 
(b) H,C-C-H (О) Fehling's solution 


|| 
(с) H,C-C-NH, 
О 


(К) NaOH + l, 


d 
(d H,C-C-CH, (S) Brady's reagent 


40. Column I Column II 
(a) On increasing pressure (P) viscosity of liquid 
increases, ру increases 


(b) On increasing (Q) V, decreases, p; 
temperature decreases 
(c) On dilution (R) viscosity of water 
decreases 
(d) On increasing mass (S) none of these 


MATHEMATICS 


Section I (Q. No. 41 to 52) 
Comprehensive questions 
Comprehension -1 : If f (x) = (x — a)" g(x) then 
f (a) = / (a) = (а) = .... = /"(о) = 0 where f (x) and 

g(x) are polynomials. 

Fora polynomial f(x) with rational coefficients, answer 
the following questions. 

41. If f(x) is of degree 4 and touches x-axis at (./3. 0), 
then 
(a) 
(b) 
(с) 


sum of the roots f (х) is 0 

product of the roots of f (x) is 9 

sum of the product of the roots taken three at time 
is 12/3 ` 

(d) none of these. 

42. If f (x) is of degree 3 and touches x-axis, then 

(a) all the roots of f (x) are rational 

(b) only one root is rational 

(c) both (a) and (b) may be possible 

(d) none of these. 

43. If f(—3) = f (2) = 0 and f'(-3) < 0, then the largest 
intergal value of C is (where f (x) = х? + ax? + bx + c), 
(a) -18 (b) ~19 (c) -12 (d) -6. 
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44. f (a) = (0) = f(a) = 0, f (P) =P) = FB) = 0 | 


and f (x) is polynomial of degree 6, then 


(a) all the roots of f ”(x) = 0 are real 

(b) atleast two roots of f(x) = 0 are always real 
(c) exactly two roots of f "(x) = 0 are real 

(d) none of these 


Comprehension -2 : Consider a three dimensional 
cartesian system with origin at O and three rectangle 
coordinate axes x, y and z - axis. Suppose that the distance 
between two points P and Q in the space having their 
coordinates (x), уу, zi) and (x;, у, z;) respectively be 
defined by the following formula 
«P: Q) = x, - x| + lv, — v! + Iz, - zl. 

Although the formula of distance between two points 
has been defined in a new way, yet the other definitions 
remain same ( like section formula, direction cosines etc.) 
So in general equations of straight line in space plane in 
space remain unchanged. 


45. If /, m, n represent direction cosines (if we can call 
it) of a vector OP, then which of the following relations 
holds? 

(a) Ё+т?+ п? = 1 
(с) Ч+т+п|= 1 


(b) /+mt+n=] 
(d) J| + [m] + |n| = 1. 


46. Locus of point P if d (O, Р) = k where k is a positive 
constant number, represents 

(a) a sphere of radius k 

(b) a set of eight planes forming an octahedron 

(c) a set of eight planes forming hexagonal prism 

(d) an infinite cylinder of radius А. 


47. Let 4 be a point ( 5,2,3) in the given reference 
system. Then locus of the point P in the first octant 
satisfying the equation d(OP) = (А, P) does not contain 
(a) any of the coordinates axes 

(b) any of the coordinates planes 

(c) any plane parallel to coordinates axes 

(d) any plane parallel to coordinates planes. 


48 An equilateral triangle has its vertices on the axes 
of coordinates and area x/3 square units. The coordinates 
of the orthocentre of the triangle are 


i g3 4j 
(b) | 


(a) (1, I 1) Jay Ni V3) 
| 3 n (42 42 42 
o i33 (9 13° 3° 3 


49. Let OABC represent a regular tetrahedron with edge 
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length 2a and vertices A, B, C lying on x, y and z-axis 
repectively. Let P be a point inside the region of the 
tetrahedron satisfying 

dO, P) € min{d(P, A), d(P, B), d(P, C)} 
The maximum value of d(O, P) is 
(a) a (b J2a (с) 2a/3 (d) 4a/3. 


Comprehension -3 : Statement - In the equation 
2? + 2А + 1 = 0, Ais a parameter which can take any real 
value, then 


50. The roots of this equation lie on a certain circle, if 


(a) —-1«A«1 (b A> 1 

(c) А<1 (d) none of these. 

51. One root lies inside the unit circle and one outside, if 
(a) —-1«AX«1 (b) A> 1 

(c) A«1 (d) none of these. 


52. For every large value of A, the roots are 
approximately 
(a) — 2A, 1/A 
(c) – 2А, -1/A 


Section-II (Q. No. 53 to 56) 
Subjective Questions 


53. Let f(x) = minimum {e’, 3/2, 1 + ew}, 0€ x <1. 


(b) —A, -1/A 
(d) none of these. 


| Find the area bounded by y = f (х), x-axis, y-axis and the 





line x = 1 


54. Tangents PA and PB are drawn to circle 
(x + 3P + (y- 2) = 1 from point P lying on у? = 4x, then 


| find the locus of circumcentre of АРАВ. 


55. Find the minimum value of 
P(AU Bjif P(B) ={P(AU B) 


56. If x= каси + eit + age 
7. 7 9i 


27 4n 8л E ^ 
and y= iur EE +cos—, then find x^ + y 


Section-III (Q. No. 57 to 60) 
Match the columns 


57. Let f (x) be a real valued function defined by 
f (x) = x? — 2jx| and 
minimum { f(t): -2«t«x),xe[-2, 0) 
80) = |maximum {/@):0<{<х}, x e[0,3] 


Column I Column П 
(а) f(x) is not continous (P) -2 

at x equal to 
(b) g(x) is not derivable (Q) 0 


at x equal to 
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(c) Number of points of (R) 1 





ANSWERS | 
local extremum of g(x) eS ЕШ) 
is equal to PAPER | 

(d) Absolute maximum (S) 2 (b) 2. (c) 3. (b) 4. (c) 5. (a) 


(дф 7. ©) 8 () 9 (b 10. (с) 
. (d — 12. (d 13. (a,b,c,d) 14. (b) 
‚ @) 16 (à —17. (d 18. (b,c) 

(ad) 20 (bc) 21. (d 22. (d 23. (a) 
. (D 25. (0) 26 (d 27 (o) 28 (b 
. @ 30. (a 31. (а) 32. (а) 

. (ac d 34. (ad) 35. (a,b) 


value of g(x) is equal to 
(T) 3 


58. Let ax + by = 1 be a chord of the curve 
3x? - y? - 2x + 4y = 0 intersecting the curve at the points 
A and B such that AB subtends a right angle at the 


origin O. . (c d) 37. (bd) 38. (a c) 39. (ab) 
Column I Column II . (a d) 4l. (c) 42. (a) 43. (a) 44. (c) 
(a) a — 2b + 1 is equal to (P) 0 . (b) 46. (b) 47. (a) 48. (a) 49. (с) 


(b) the distance from the . (a) 51. (a) 32. (a) 53. (a, d) 


origin of the farthest chord (Q) 2 ei 5d © А — i e Н 
cannot exceed 60. (a, b) 
(c) if the triangle OAB is (R) 45 PAPER II 
isosceles then the area of 1. (b) 2. (d) 3. (c) 4. (d) 5. (9) 
the triangle cannot exceed 6 © 7 Ы 8& (d 9. (a) 10. (b) 
(d) The number of chords $ E к а | и. tee 5 (9-0 
such that triangle OAB is (5) 3 13. (a)-R (b)-S (c)-Q (4)-P 
isosceles cannot exceed (T) 5 14. (a)-R, S ; (b)-Q, К; (c)-P, О; (d)-R, T 
59. Column I Column II ip p OVSE C аон 
(a) if a, b, c are unequal (P) of opposite signs ЦЕЛЕРА Ы 


positive numbers and b is 17. a= MM SINGLES а. == (теща 


A.M of a and c then the Матта” М + тіп? а 

roots of ax? + 2bx + с = 0 are by = -g "0050. ~ "МЕНО 
(b) If a & R, then the roots of (Q) rational numbers | у 15, М *msin^ а М +з o 

the equation (R) real and unequal 

x — (а + I)x-a@?—4=0 are 19. w=SJ2yR)/mVo , where y is the adiabatic exponent 
(у) If a, b, c are unequal (S) imaginary 20. w~ ygRsec8 


21. (d) 22 (D 23. (b 24. (с) 25. (с) 
26. (à 27. (d) 28. (à 29. (b 30. (d) 
31, (à — 32 (d 33. (с) 

8. (a)-P ; (b)-P, О, Ri (O-S ; (d)-P, Q, R, S 


positive numbers and 5 is 
H.M. of a and c then the 
roots of ax? + 2bx + c = 0 are 


b ARRWWNHN – Kae 
ооло с шо м Бк 0 : 


(d) If|a + b| <сапіа=0 (T) of same sign 39. (a-P S ; (b) - P, Q, R, S ; (O-R ; (d)-R, S 
then the roots of 40. (a)-P, R ; (b)-Q, К; (с)-О ; (d)-S 
a’x? (b? + a? — с2)х + b? = 0 are 4l. (b) 42. (a) 43. (b) 44. (a) 45. (d) 


46. (b) 47. (d) 48. (б) 49. (a 50. (a) 


60. Let f: R — {0} — R be defined by 51. (b) 52. (с) 





X x 1 

у= qo ztl Е sin(n)sin( n—] Uta 
now match the entries from the following two columns 2 (1l 2 

Column I Column II Ў (5) 
(а) f (x) is even (P) true 45-4 
(b) f(x) is one-one (Q) false Si а lea 35 2 2o z 
(c) f(x) is onto (R) can't be decided 57. (a)-Q ; (b)-Q, S ; (6)-Q, (d-T 

58. (a)-Q ; (b)-R, S, T ; (c)-T ; (d)-S, T 

(d lim f(x) = 2 (S) data insufficient 59. (a)-R, T ; (b)-P, R ; (c)-S ; (d)-R, T 

pach | 60. (8-P ; (b)-Q 5 (©-О; (d)-P. т 
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1. If velocity (V), time (7) and force (F) were chosen 
as fundamental quantities, the dimension of mass will be 
(a) FTV — (b) ЕТИ (c) FTV! (d) FT" V. 


2. Two trains 4 and B of length 400 m each are 
moving on two parallel tracks with a uniform speed of 
72 km hr! in the same direction, with А ahead of B. The 
driver of B decides to overtake 4 and accelerates by 
1 1522. If after 50 s, the guard of B just brushes past 
the driver of 4, what was the original distance between 
them? 


(a) 1200 m (b) 1250 m (c) 850m (d) 450 m. 


3. А balloon is rising up with a velocity of 9.8 ms”! 
and a bag is dropped from it when its height from the 
ground is 39.2 m. The time taken by the bag to reach the 
ground is 
(a) 25s (b) 3 s 


(c) 4s (d) 5 s. 


4. Theangle between the two vectors 4 —3i +4 4 5k 


and B=3/+4j-5k will be 


(a) zero (b) 45* (c) 90? (d) 180? 


5. А тап standing in a lift holds a spring balance with 
a load of 5 kg suspended from it. What would be the 
reading of the balance when the lift is descending with 
an acceleration of 4 ms?? 
(а) 1kg | (b2kg 


6. Three masses of 1 kg, 
6 kg and 3 kg are connect 
to each other with strings 
and are placed on a table у. 
as shown in figure. If 
g^ 10 ms?, the acceleration 

(c) 2 ms? 


(c) 3 kg 


(d) 4 kg. 







with which the system is 
moving is 


(a) zero (b) 1 ms? 


(d) 3 ms”. 


7. А particle is displaced from a position (2i — j + k) to 


another position (37 +2 j - 2k) under the action ofthe force 


68 








(21+) k). The work done by the force in arbitrary unit is 
(a) 8 (b) 10 (c) 12 (d) 16 


8. A 50 gram bullet moving with a velocity of 10 ms! 
gets embedded into a 950 g stationary body. The loss in 
kinetic energy of the system will be 


(a) 95% (Ы) 100% (с) 5% (d) 50%, 


9. A uniform rod of mass m and 

length / is suspended by means of 

two light inextensible strings as 

shown in figure. Tension in one 

string immediately after the other 4 B 
string is cut is 

(a) mg/2 (b) mg 


10. The moment of inertia of a circular ring about one 
of its diameter is /. What will be its moment of inertia 
about a tangent parallel to the diameter? 
(a) 4I (b) 2/ (c) (3/2)/ 


(c) 2mg (d) mg/4 


(d) 37. 


11. A remote sensing satellite of the earth, revolves in 
a circular orbit at a height of 250 km above the earth's 
surface. What is the orbit speed of the satellite? (Take 
radius of earth R = 6400 km, g = 10 ms?) 

(a) 6.8 kms" (b) 7.8 kms"! 

(с) 8.8 kms"! (d) 9.8 kms. 

12. The rotation period of an earth satellite close to the 
surface of the earth is 83 minute. The satellite in an orbit 
at a distance of three times earth radii from its surface will be 
(b) 83 x /8 minute 

(d) 249 minute. 


(a) 83 minute 
(c) 664 minute 


13. A horizontal pipe line carries water in a streamline 
flow. Ata point along the pipe where the cross-sectional 
area is 10 cm?, the water velocity is 1 m/s and the pressure 
is 2000 Pa. What is the pressure of water at another point 
where the cross-sectional area is 5 cm?? 


(а) 200 Ра (b)300 Pa (с) 400 Ра (0) 500 Pa. 


14. A steel wire of length 4.7 т and cross section 
3.0 x 10-5 m? stretches by the same amount as a copper 
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On putting numerical values, we get 
= 0.2 
Ө = соѕ | 1--——_—— 
2x9.8x9.8 
Alternative Method : 


- cos" (0.9998) = 1.14? 


а = —gsin Ө => = = -g sin 9, уау = -g sin 0(/d0) 
Is 


0 ө 
Integrating, we get | vdv = —g/fsin020 








"0 0 à 
=- gl [cos], 
or -— = gl [cosO - 1] 
"1 T 
or — = gl [l - cos0] => cos0 =1-— 
>78 [ ] 2gl 


4 2. 
= (1-00) 
281 


On putting numerical values, we get 





F 0.24 E A 
@=cos ‘| 1—_——————- |= соѕ (0.9998) = 1.14 
| 2x9.8x9.8 | 
7. Given /, — h = 22 cm and М.Т, = №7, 
=> Nn Hh N3207 |}, 
yg Vg 
Squaring both sides. we get МЛ = №2/, 
à NE _ 36" 36 
ig NP #302425 
a NE peel и ae Fy 
Д fo. 2S i ras 


25 
má c cm UU So, А = 1, + 22 = 72 cm 


8. Given v = 250 m/s, v = 500 Hz and Аф = 60°. 





= ha and Abe T ss Axe = Ap o Ab 
2n 2m 
On ating numerical ates we get 
230 (m)l 
= 2n(500) 3 jJ" 12 
9. v= yP/p 
The density of mixture is given 
Ир +p _ AC) +106) , 
W-V 5 
st: ат" 
2р h- n v= 1909.650 m/s 
v Vp 4 2 2 
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10. v, = frequency of closed pipe-——- i 


4h 60 
0, = fi f i EE >v 
= frequency of open pipe =—-=—. Le., 0 2 
2 quency pen pip 2L 6l I 2 
According to question, 0, — 0, — 6 


y y 61-60 
L————z6:2v 

60 61 Ee 
v _ 6(60)(61) 





| =6 > у = 6(60)(61) cm/s 


Е =366 Hz and 
60 60 
с,ә=--= 6060061) _ 360 Hz 
61 61 


11. Work done by friction is given by 
W = — {Ns = -f (mg cos Q) N 


h we 
: |^ sina -+| 
sina КУ 


W = —fmgh cot о 








h=3m 


mg 


On putting numerical values, 
we get И = — 0.2(100)(9.8)(3)cot 30° = —1018.44 J 
Change in the internal energies of the body and the plane 
=-W= 1018.44 J = 1.01 КІ. 
12. At t = 50? С, Phody (590) = 
At IR v 0° C, Орос) ^ 


= Phiquid (50°C) — p (say). 
Pp soc) (1 + 50B,) 





Pic) = Prisc) (1 + 508) 
*. fraction of body immerged. 
& Po... 1+ 508, A 
D; «sop, (| + 50B,) (1 + 508) 


= (1 + 508,) (1 — 508) = [1 — 50 (B, — 
= 1-50 х 7.7 х 10° = 0:996 


851 
13. From first law of thermodynamics 
dO = dU + dW = nC,dT + Ра = nCydT + пат 


dO = n(Cy+ R) dT = nC dT = dO = лат = 5 Рау 


On putting numerical values. we get 


Q=2x1.52x10° (0.07 — 0.03) = 1.52 х 10 1 


14. Let the distance 
of lens from table = x. 





-(50- x) dt 


50-x)+x 1 
Oe cd. dO SO este ATU 
х(50-х) 8 


=> (x – 40) (х– 10) = 0 


©. x = 40 cm or 10 cm. 


15. 





16. Let resistance of parts 
as x and 10 — x. According 
to question. 
1 1 1 (10—-x)-x 
— —— Dp — = 
x 10-х 1 x(10— х) 

= 10 = 10х- х2 >x- 10х + 10 = 0 


_ ~(-10)+V100—=40 10+25/15 
ey FELD EE ar 
=> x, = 8.8730 and x, = 1.1272 
The connecting wires divide the length in the ratio of 
8.873 : 1.127 = 7.87: 1 


x 





E Га; 
Sots 


17. Given m = 1 kg, /j = 1 m and 0 = 30° 





In equilibrium of the charges mg = 7cos0 
Е, = 7sin® 
Dividing equation (ii) by (i), we get 


^. (0) 
n (ii) 


т-а 


= Q = Anco (теа sin? 6) tano 


On putting numerical values, we get 





Е, BE 3 о? 
—-= tanO0 :2 —- a 
mg mg\ 47£9 (Ig sinO + /gsin ө)” 


(1)(9.8)4(12 )(ѕіп2 30° (tan 30°) 


g= 9x10? 
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veshi] Б). 


9.8 


























Q- ——— = 2,5 х1075С 
9x10? 309х109) - 
18. 
а= 4r, 
p, о! лл) Ll. dol du „ы Е А 
4n (Ard +4012 2 16/2 2 442 
p, ol "mb ШГ. 1 
2 =a a T 
2 ssp 2 5/5 
B, > В, 
1 1 
Bp = B; – В» = bol | tesla 
2m|442 545 
19. N = Nye 
EU 100 5, 
ки в Noe " [where t = 60 hrs.]-5 — = e 
100 7 
100 
In hon 2M .. (1) 
Similarly In2 = 1 A7, .. (ii) 
71/2 In2 
Divide equation (ii) by (1), we get —— = 
F To MM 
- 
|: Tia ag Z (60) hrs. 15. 64 hrs. 
| v 
| 20. From quantization of angular momentum. 
mr - i 
| Е 0 
| From Newton’s second law. 
e- y? 
—--m|— 
x m Е = [4 | 
m = 1) (ii) 
Р 4 mv? P e? SIL eye: e 
fomir) and Hs аар myr  4mggr h 2€nh 
| On putting numerical values, we get 
| -19,2 
у= (5:0) =2.19x10° m/s 4 





2(8.85x1072(6.6x 10734) 
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SOLVED PAPER 


BIHAR CECE - 2006 






QUESTIONS 


1. A train passes an observer standing on a platform. 
The first carriage of the train passes the observer during 
time г, = 1s and the second, during time т, = 1.5 s. Find 
the velocity of the train at the beginning and end of 
observation and its acceleration, assuming that the motion 
of the train is uniformly variable. The length of each carriage 
18 /= 12 m. 

2. A bullet is fired from a gun from the bottom of a 
hill along its slope. The slope of the hill is 30? and the 
angle of the gun to the horizontal is 60°. The initial 
velocity of the bullet is 21 m/s. Find the distance from 
the gun to the point at which the bullet falls. 


3. A helicopter ascends with a velocity vy — 10 m/s. 
At a height H = 50 m, a heavy body is dropped from it. 
With what velocity does this body reach the ground? 


4. Find the velocity of an artificial satellite moving in 
a circular orbit at a height Л = 1600 km abeve the surface 
of the earth. The radius of the earth R — 6400 km. 


5. Acarofmass M = 1000 kg decelerates from a velocity 
v = 100 km/h to a stop in 10 s. At what average rate 
must the braking surfaces lose heat if their temperature 
is not to rise significantly? 


6. А репішат of length /=9.8 m hangs in equilibrium 
and is then given velocity v= 0.2 m/s at its lowest point. 
What is the amplitude of the subsequent oscillation? 
7. Two pendulums whose lengths differ by 7, — 7; = 22 
cm oscillate at the same place so that one of them 
makes М, = 30 oscillations and the other №, = 36 
oscillations during the same time. Find the lengths of 
the pendulum. 


8. The speed of a wave is 250 m/s and its frequency 
is 500 cycles/s. What is the distance between two points 
having a phase difference of 60? ? 

9. . The velocity of sound in hydrogen is 1300 m/s. What 
will be the velocity in a mixture of 4 parts by volume 





кру 


тае 


: 


of hydrogen and 1 part of oxygen at the same temperature 
and pressure? 


10. Two tuning forks A and B give 6 beats/second. A 
resonates with a closed column of air 15 cm long and 
B with an open column 30.5 cm long. Calculate their 
frequencies. 


11. A body of mass m= 100 kg slides down an inclined 
plane with a slope œ = 30°. What is the change in the 
internal energies of the body and the plane upon the 
displacement of the body by a distance ^ = 3 m along 
the vertical? The coefficient of sliding friction is f = 
0.2. 


12. A solid body floats in a liquid at temperature ¢ = 
50°C being completely submerged in it. What fraction 
5 of the volume of the body is submerged in the liquid 
after its cooling to £j = 0°C, if the coefficient of cubic 
expansion for the solid is В, = 0.3 x 105 K- and of liquid 
В =8 x 105K}? 

13. Two molecules of an ideal monatomic gas expand 
isobarically from an initial volume V; = 0.03 m? to a 
final volume У, = 0.07 m°. The pressure throughout 
is P = 1.52 x 10° N/m?. Calculate the total amount of 
heat Q absorbed in the process. 


14. A point light source is at a height # = 50 cm above 
a table. An experimenter wishes to obtain a sharp image 
of the source at the table, using a converging lens of 
focal length f= 8 cm. At what height should she place 
the lens? 


15. The distance of.best vision for an eye is L= 1 m. 
Find the optical power of the spectacles compensating 
the defect of vision for this eye. 

16. A ring is made of a wire having a resistance Ry = 
10Q. Find the points at which current-carrying conductors 
should be connected so that the resistance R between 
these points is equal to 1Q. 


17. Two masses m — 1 kg with equal charges O are 
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suspended by light strings of length /, = 1m from a point. 
The strings hang at 30° to the vertical what is the value 
of Q? 

18. Parallel loops of radii rg, 27) are at distance d = årg 
apart and carry currents / in opposite senses. Find the 
magnetic field B, at the point P halfway between the 
loops. 

19. A sample of sodium containing a certain 
concentration of the Na? isotope is prepared. After 
60 hours this concentration has fallen to 7% of its original 
value. Calculate the half-life of ,,Na?^. 

20. Determine the velocity of an electron in the first 
orbit of hydrogen atom. 


| SOLUTIONS 




















1. C h5zl5 B pels 4 
У [212m У = 12 т“ 
де \ 
For uniform acceleration, S = | H ^ d | 
‚АМ 
For first carriage 12 =| — '=24 (i) 
M ow oY 
, / yy : 
For second carriage == 1.5 2» v+v'=16 (ii) 
For first and second carriage both 
ob 

24 =: — Hess u+v=192 (iii) 
MIr equation (ii) from (i) we get 
u—v=8 ..(iv) 
Adding equations (iii) and (iv), we get 

= лы: =13.6 т 
From equation (iii), we get v — 19.2 — 13.6 = 5.6 m/s. 

- 5.6 6 
“с: Se ара 
[ 25 u-20ms Д" 

2. By taking a 
y-components of o d 
2nd equation of \ Yer | | 


motion, we get N 
' Bots B 


S =н zat, vs. 


2 . Zusim(a-p) 
ki gcosB ` 
Horizontal displacement is given by Sy = tpt = (ucos ot 


(e veintecs рубой уе 


ue sin(a —B)cosa 


Suk 
i gcosp 
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OB _ SH 

R^ 

R SH. « 2u^ sin(a — B)cosa. 
соѕВ gcos? p 

On putting numerical values, we get 

2(21? sin30? cos60*) ESSE 

9.8cos? 30° 


In AOAB, cosB = 


M 1 ) 
98| = | 
4, 
3. . From 3rd equation of motion, usta qu 
v? =u? +2aS o 
=> у? = vé +2gH, v= Vv +2gH 
On putting numerical values, we get 


= 10? + 2(9.8)(50) = 32.86 m/s. 4 


4. From Newton’s law of y 


gravitation, F UA 


R= =30m 


(i) 
From dynamics n circular 


ту? 





motion, F.- 


.. (ii) 
р 
From equations (i) and (ii), we get 


GMm mv? [GM _ [GM 


ратаі : S kein =. Am ee 


On putting numerical values, we get 


" | 9.8(6.4 106)? 
~ (6400+ 1600)10° 
5. From work-energy theorem, 





gR* 
R+h 





= 7.08 km/s 


20^ 


—3.85x 10? 


т=м(ъ?—у?у= "renal MZ le 
2 2 \ 18- ) 


Average rate of heat loss 


AW 298445 


= 2.55х10 3s —s0.5 KW 


SS 


6. From conservation of 
mechanical enerev 


no = meh = me ('— ons) N 
= cos =1-— 
2gl 
ve 
=> 0 =с05 |l—-—— 





PHYSICS FOR YOU | АВОН 07 
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Practice Paper ғ 


WORSE ts 


SUNT ШАГАЛ 


МЕЕЕ 2007 


1. Refractive index p is given as 
u = A + A. 


where A and В are constants and A is wavelength, then 
dimensions of B are same as that of 

(a) wavelength (b) volume 

(c) pressure (d) area. 


2. If| Ax B|= J3 (А: В), then the value of | A+ B|is 


(b) G + В? + 2) 


(d) (42 + В? + Зав) 


hi 


(a) (42 +В? + AB)? 


(c) A+B 


3. A particle starts from rest. Its acceleration (a) versus 
time (7) is as shown in the figure. The maximum speed 
of the particle will be 
(a) 110 m/s 

(b) 55 m/s 

(c) 550 m/s 

(d) 660 m/s 


10 m/s2 


1l Xs) 
4. А ball is released from the top of tower of height 


h metre. It takes 7 second to reach the ground. What is 
the position of the ball in 7/3 second? 


(a) k metre from the ground 


(b) (7h/9) metre from the ground 
(c) (82/9) metre from the ground 
(d) (174/18) metre from the ground. 


5. The relation between time ¢ and distance x is 
t= ох? + Bx where.a and В are constants. The retardation 
is 

(а) 2ay? 
(c) 268° 


(b) 28»? 
(d) 28203 


6. А stone is just released from the window of a train 


28 





s NCBI SU a ES E A 





moving along a horizontal straight track. The stone will 
hit the ground following a 

(a) straight line path (b) circular path 

(c) parabolic path (d) hyperbolic path 


7. А car is moving on a circular level road of curvature 
300 m. Ifthe coefficient of friction is 0.3 and acceleration 
due to gravity is 10 m/s?, the maximum speed of the 
car is 

(a) 30 km/hr 
(c) 108 km/hr 


(b) 81 km/hr 
(d) 162 km/hr 


8. Three equal weights А, B, C of 
mass 2 kg each are hanging on a string 
passing over a fixed frictionless pulley 
as shown in the figure. The tension 
in the string connecting weights B and 
C is 

(a) zero 
(c) 3.3 N 





(b) 13 N 
(d) 19.6 N 


9. If p, is the coefficient of kinetic friction, u, the 
coefficient of rolling friction and p, the coefficient of 
static friction then generally 

(a) Uy > Be > р, (b) Wy < He < n 

(c) us < us Ы. (d) И; > u = I 


10. A mass m moving horizontally with velocity v, strikes 
a pendulum of mass m. If the two masses stick together 
after the collision, then the maximum height reached 
by the pendulum is 


@ E 0) x 
(с) Jwg @) Jue 


11. A ball is dropped from a height 10 m. Ball is 
embedded in sand 1 m and stops 
(a) only momentum remains conserved 
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(b) only kinetic energy remains conserved 
(c) both momentum and kinetic energy are conserved 
(d) neither kinetic energy nor momentum is conserved 


12. In a carbon mon .xide molecule, the carbon and 
the oxygen atoms are separated by a distance 
1.12 x 10-!° т. The distance of the centre of mass from 
the carbon atom is 
(а) 0.48 x 1079 m 
(c) 0.56 x 10-'° m 


(b) 0.51 x 107? m 
(d) 0.64 x 107? m 


13. Two particles of masses m, and m, are connected 
by arigid massless rod of length r to constitute a dumb- 
bell which is free to move in the plane. The moment of 
inertia of the dumb-bell about an axis perpendicular to 


the plane passing through the centre of mass is 
(a) er. (b) (m, + mgr? 

n, + т, 
o иы (d) (m, - mr? 

m = т, 2 


14. A satellite of mass m revolves around the earth of 
radius R at a height x from its surface. If g is the 
acceleration due to gravity on the surface of the earth, 
the orbital speed of the satellite is 











(a) gx (b жу 
2 Nn 
of of) 


15. A solid sphere of uniform 
density and radius R applies a 
gravitational force of attraction 
equal to F, on a particle placed 
at P, distance 2R from the centre 
O of the sphere. A spherical cavity of radius R/2 is now 
made in the sphere as shown in figure. The sphere 
with cavity now applies a gravitational force F, on 
same particle placed at P. The ratio F;/F, will be 
(a) 1/2 (b) 7/9 

(с) 3 (d) 7 


16. For a given material, the Young's modulus is 2.4 
times that of modulus of rigidity. Its Poisson's ratio is 
(a) 2.4 (b) 1.2 
(c) 0.4 (d) 0.2 


17. A spring of spring constant 5 x 10? N/m is stretched 
initially by 5 cm from the unstretched position. The 
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work required to stretch it further by another 5 cm is 
(a) 6.25 N-m. (b) 12.50 N-m 
(c) 18.75 N-m (d) 25.00 N-m 


18. Viscosity of liquids 

(a) increases with increase in temperature 
(b) is independent of temperature 

(c) decreases with decrease in temperature 
(d) decreases with increase in temperature 


19. A U-tube is partially filled with water. Oil which 
does not mix with water is next poured into one side, 
until water rises by 25 cm on the other side. If the density 
of oil is 0.8 g/cm’, the oil level will stand higher than 
the water level by 
(a) 6.25 cm 

(c) 31.75 cm 


(b) 12.50 cm 
(d) 62.50 cm 


20. Two thermally insulated vessels 1 and 2 are filled 
with air at temperatures (7,, 75), volume (Vi, V2) and 
pressure (P, P2) respectively. If the valve joining the 
two vessels is opened, the temperature inside the vessel 
at equilibrium will be 


(а) 7, * 7, (b) (Т, + ny2 
у ПАРИЖА) (a) ЖАЛУ RIA) 
РУТ, + РУ, PVT, + РУЛ, 


21. Two marks on a glass rod 10 cm apart are found 
to increase their distance by 0.08 mm when the rod 
is heated from 0°C to 100°C. A flask made of the same 
glass as that of rod measures a volume of 1000 cc at 
0°C. The volume it measures at 100°C in cc is 

(a) 1002.4 (b) 1004.2 

(c) 1006.4 (d) 1008.2 


22. A kettle with 2 litre water at 27?C is heated by 
operating coil heater of power 1 kW. The heat is lost 
to the atmosphere at constant rate 160 J/sec, when its 
lid is open. In how much time will water heated to 77°C 
with the lid open? (specific heat of water = 4.2 kJ/kg) 
(a) 8 min 20 sec (b) 6 min 2 sec 

(c) 14 min (d) 7 min 


23. The temperature of the two outer surfaces of a 
composite slab consisting of two materials having 
coefficients of thermal conductivity K and 2K and 
thickness x and 4x respectively are T, and T,(7,> Т). 
The rate of heat transfer through the slab, in a steady 


(48 -T)K 
x 


state is \f with f equal to 


29 


(a) 1 

(b) 1/2 
(c) 2/3 
(d) 1/3 





24. Two cylinders fitted with pistons contain equal 
amount of an ideal diatomic gas at 300 K. The piston 
of A is free to move, while that of B is held fixed. The 
same amount of heat is given to the gas in each cylinder. 
If the rise in temperature of the gas in 4 is 30 К, then 
the rise in temperature of gas in B is 

(a) 30K (b) 18K 

(с) 50 К (d) 42 К 


25. The displacement of a particle varies according to 
the relation x = 4(cosnt + sina). The amplitude of the 
particle is where x in m and / is second 

(a) 8m (b) 2m 

(c) 4m (d) 4/2m 


26. A mass M is suspended from a spring of negligible 
mass. The spring is pulled a little and then released, so 
that the mass executes simple harmonic motion of time 
period 7. If the mass is increased by m, the time period 


5T 
becomes —-. The ratio of m/M is 


^ 


5 3 
(а) 3 (b) = 
‚ү 16 25 | 
(с) [C (d) EJ 


27. Oxygen is 16 times heavier than hydrogen. The 
equal volumes of hydrogen and oxygen are mixed. The 
ratio of speed of sound in the mixture to that in hydrogen 


is 
ft 
(b) 4a 
[2 32 
(c) үл? (4) Va 
28. Equation of a progressive wave is given by, 


we, tue ie aX. л 
J =4sin[x(£-2)+3| 


where x, y are in metre and / is in second. Then which 
of the following is correct? 
(а) v = 5 m/s (b) A=18m 


(а) V8 


| (c) 4 





(c) a = 0.04 m (d) f= 50 Hz 


29. An organ pipe open at one end is vibrating in first | 


30 


overtone and is in resonance with another pipe open 
at both ends and vibrating in third harmonic. The 
ratio of length of two pipes is 

(a) 1:2 (b) 4:1 

(c) 8:3 (d) 3:8 


30. One train is approaching an observer at rest and 
another train is receding from him with the same velocity 
4 m/s. Both trains blow whistles of same frequency of 
243 Hz. The beat frequency in Hz as heard by the observer 
is (speed of sound in air = 320 m/s) 

(a) 10 (b) 6 

(d) 1 


31. Two plane mirror А and B are aligned parallel to 
each other, as shown in the figure. A light ray is incident 
at an angle of 30° at a point just inside one end of A. 
The plane of incidence coincides with the plane of figure. 
The maximum number of times the ray undergoes 
reflections (including the first one) before it emerges 
out is K——— 213 m ———3À 

(a) 28 В 

(b) 30 
(с) 32 A 
(d) 34 





1305 


02m 





| 32. An endoscope is employed by a physician to view 


the internal parts of body organ. It is based on the principle 
of 

(a) refraction (b) reflection 

(c) total internal reflection 

(d) dispersion 


33. A point object is placed at a distance of 10 cm and 
its real image is formed at a distance of 20 cm from a 
concave mirror. If the object is moved by 0.1 cm towards 
the mirror, the image will shift by about 

(a) 0.4 cm away from the mirror 

(b) 0.4 cm towards the mirror 

(c) 0.8 cm away from the mirror 

(d) 0.8 cm towards the mirror 


34. A telescope, whose objective lens has an aperture 
of 1 mm for the wavelength of light 500 A, then limiting 
resolving power of the telescope is 

(a) 2.1 x 105 rad (b) 4.1 x 105 rad 

(c) 5.1 x 105 rad (d) 6.1 x 105 rad 


35. If light is polarised by reflection, then the angle 
between reflected and refracted light is 
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(а) л (b) 


(c) 2л (d) 


Aja vila 


36. In Young’s double slit experiment, distance between 
two sources is 0.1 mm. The distance of screen from the 
sources is 20 cm. Wavelength of light used is 5460A. 
Then angular position of first dark fringe is 

(a) 0.08° (b) 0.16° 

(c) 0.20° (d) 0.32° 


37. Two thin wire rings each having radius R are placed 
at a distance d apart with their axes coinciding. The 
charges on the two rings are +О and —Q. The potential 
difference between the centres of the two rings is 


(a) zero (b) Tre 
Q aji a 
(c) але (d) эле |R JR +a 


38. The electric field at a distance 2 cm from the centre 
of a hollow spherical conducting shell of radius 4 cm 
having a charge of 2 x 10? C on its surface is 

(a) 1.1 x 10!° V/m (b) 4.5 x 107? V/m 

(c) 4.5 x 10!? V/m (d) zero 


39. Four identical capacitors are connected in series 
with a 10 V battery as shown in the figure. The point 
N is earthed. The potentials of points A and B are 


10У 


C C e C 
(a) 10 V,0V (b) 7.5 V, -2.5 V 
(с) 5 V, -5 V (d) 7.5 V, 2.5 V 


40. Potentiometer wire of length 1 m is connected in 
series with 490 Q resistance and 2V battery. If 
0.2 mV/cm is the potential gradient, then resistance of 
the potentiometer wire is 
(а) 4.9 Q 
(с) 5.9 Q 


(b) 79 Q 
(d) 6.9 Q 


41. In the following figure the current through 4 ohm 
32 








resistor is : 


200 4Q 





(a) 1.4 amp 
(c) 1.0 amp 


(b) 0.4 amp 
(d) 0.7 amp 


42. The electrochemical equivalent of metal is 
3.3 x 107 kg per coulomb. The mass of the metal liberated 
at the cathode when a3 A current is passed for 2 second 
will be 

(a) 19.8 x 107 kg 
(c) 6.6 x 10-7 kg 


(b) 9.9 x 107 kg 
(d) 1.1 x 107 kg 


43. A current of 5 ampere is passed through a straight 
wire of length 6 cm, then the magnetic induction at a 
point 5 cm from the either end of the wire is 

(a) 0.25 gauss (b) 0.125 gauss 

(c) 0.15 gauss (d) 0.30 gauss 


44. The magnetic field due to a current carrying circular 
loop of radius 3 m at a point on the axis at a distance 
of 4 m from the centre is 54 p T. What will be its value 
at the centre of the loop? 

(a) 250 uT (b) 150 pT 

(с) 125 uT (d) 75 pT 


45. A galvanometer has a resistance of 3663 ohm. A 
shunt S is connected across it such that (1/34) of the 
total current passes through the galvanometer. Then 
the value of the shunt is 

(a) 3663 ohm (b) 111 ohm 

(c) 107.7 ohm (d) 3555.3 ohm 


46. The armature of a DC motor has 20 Q resistance. 
It draws a current of 1.5 amp when run by 220 volt 
DC supply. The value of back emf induced in it will be 
(a) 150 V (b) 170V 
(c) 180 V (d) 190 V 


47. In a transformer the output current and voltage 
are respectively 4 A and 20 V. If the ratio of number 
of turns in the primary to secondary is 2 : 1, what is 
the input current and voltage? 

(a) 2 A and 40 V (b) 1 A and 20 V 

(c) 4 A and 10 V (d) 8 A and 40 V 
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48. In Millikan’s oil drop experiment an oil drop of 
radius r and charge q is held in equilibrium between 
the plates of a charged parallel plate capacitor when 
the potential difference is V. To keep a drop of radius 
2r and with a charge 2q in equilibrium between the 
plates the potential difference V” required is 

(a) V (b) 2V 

(c) 4V (d) 8V 


49. Two identical photocathodes receive light of 
frequencies v, and v. Ifthe velocities of the photoelectrons 
(of mass m) coming out are v, and у, respectively, then 


(а) *»-*»7 |2 (v, ~ v]. 


2h 
(b) v-v ==" (0-0) 


1/2 
(с) У +У, = [22 (v, -v)] 
(à y? +v =Z (о-о) 
50. According to Einstein’s photoelectric equation, the 
plot of the kinetic energy of the emitted photoelectrons 
from a metal versus frequency of the incident radiation 
gives a straight line whose slope 
(a) depends on the nature of metal used 
(b) depends on the intensity of radiation 
(c) depends on both intensity of radiation and the nature 
of metal used 
is the same for all metals and independent of the 
intensity of radiation. 


(d) 


51. The energy of a hydrogen like atom (or ion) in its 
ground state is —122.4 eV. It may be 

(a) hydrogen atom (b) He* 

(c) Li? (d) Be* 

52. Starting with a sample of pure %Си, (7/8) of it decays 
into Zn in15 minutes. The corresponding half-life is 


(b) 7! minutes 
(d) 14 minutes 


(a) 5 minutes 
(c) 10 minutes 


53. On bombardment of 17235 by slow neutrons, 
200 MeV energy is released. If the power output of atomic 
reactor is 1.6 MeV, then the rate of fission will be 
(а) 5 x 10! per second (b) 10 x 10!$ per second 
(c) 15 x 10!5 per second (d) 20 х 10!5 per second 


54. What is the value of output voltage V, in the 
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circuit as shown in the figure? 
2kQ 


2v eF d£ ^ 
E 


(a) 42 V 
(c) 7 V 


(b) l4 V 
(d) 6 V 


55. Figure (a) shows a logic gate circuit with two inputs 
A and B and the output C. The voltage wave forms of 
A, B and C are shown in figure (5). The logic circuit is 
(b) AND gate 
(d) NOR gate 


(a) OR gate 
(c) NAND gate 






Logic Gate Circuit 


Figure (a) 


Figure (b) 
SOLUTION 


: _ velocity of light in vacuum 
l: (rs err Of light In medium 
dimensionless. Thus each term on the RHS of given 
equation should be dimensionless. 

^. В/А? is dimensionless. i.e. B should have dimensions 
of А2, i.e., m?, i.e., area. 

2. (а) : Given | Ax B|= 43 (A- B) 

Hence, ABsin® = J3ABcos0 

ог tan@ = 43 or 0 = 60° 

|А+ B|=(A? +B? + 2АВ cos 60)? 


- (е + В? + 2АВ х1) = (4? + B? + AB)!? 





‚ hence pis 
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3. (b): The area under the acceleration-time graph 
gives change in velocity. Since particle starts with 
и = 0, therefore change in velocity = v, — v, — v... — 


0 = area under а - / graph = 1 x 10 x 11 = 55 m/s. | 





4. (с): h=} вт? 
E | 
E Eu || 
In 3 see the distance travelled = E p 3 9 
Position of the ball from the ground 
=p leh 
9 9 


5. (а): г= Ox? + Bx = x(ax + В) 

Differentiate w.r.t to time on both sides, we get 
dx dx 

1=20@ qot B * 

dx _ | .dv | -2av 

dt Bt+2ax’ dt (B+2ax) 

Negative sign show retardation. 


3 
SVE =-2av 





6. (c): The horizontal velocity of the stone will be 
the same as that of the train. In this way, the horizontal 
motion will be uniform motion. The vertical motion 
will be controlled by the force of gravity, i.e. vertical 
motion is accelerated motion. Thus the resultant motion 
will be along a parabolic trajectory. 


7. (с): уш = шя = V0.3 х300х10 = 30 m/s 


Vmax 


50015 km/hr = 108 km/hr 
5 


8. (b): Free body diagram of A 


For A : T— 2g = 2a etl) 


Free body diagram of B a} Ju 


2o 


For B: T, + 2g —-T=2a_....{ii) 





AT, 
Free body diagram of С a} [C] | 
v2g | 
For C:2g~7,=2a (iii) | 
Adding equation (i) and (її), we get 28 
T, = 4a . (iv) 
From equation (iii) and (iv), we get 
2g—4a-2a ог а -g/3 (v) 


From equations (iv) and (v), we get 


f, -Ax &-I13N 


9. (а): by > m> p, Rolling friction is always less | 
34 





than sliding friction, that is why it is easy to move 
a heavy load from one place to another by rolling it 
over the surface instead of sliding it over the same 
surface. Moreover, it is quite obvious that static friction 
is always greater than kinetic friction. 


10. (a) : Applying the law of conservation of 
momentum, we get 


y, 
ту, + тх0 = 2тху or Nets 


А " "Em \2 = 
Kinetic energy = 5 (2m)v" = 2 x2mx|2- Te. 
2 \-2) 

Let the system reach a height A. 

Potential energy of the system = 2mgh 


my. 
Hence, —— 
4 


Yt 
= 2mgh or h = —— 
11. (a): It is an example of inelastic collision. In inelastic 
collision momentum is conserved but kinetic energy 
is not conserved. 


12x0--16x1.12x10^" 
12. (а) А Ком раазы 
16 


= == x1.12x10^"" m = 0.64 x 10" т 
2o 


13. (a) : Suppose C be the centre of mass of the dumb- 
bell. Let the particles of masses m, and m; be placed 
at distances r, and r, from C. Hence, moment of inertia 
of given system about an axis passing through centre 
of mass 


l=mr + m, (i) 
According to definition of centre of mass, 

mri my, (ш) 
Also, rp +r. =r (ш) 


Solving for rı апа r, from (ii) and (iii), we get 


т, 








n= i 
| т, +т, ...(iv) 
mr 
and = 1 e 
т. +m (v) 


Putting (iv) and (v) in equation (i), we get 





- |i) 
m +m, 
mm, . 
| where u = ———2— is called as reduced mass of the 
Ht CT nt 
| system. 


14. (d): For the satellite, the gravitational force provides 


the necessary centripetal force, i.e., 





GMm _ mv, GM, gR' 
у Quy к E weg 
R+x 
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15. (b) : Gravitational force due to solid sphere, 


GMm 
aR? where M and m are mass of the solid 


sphere and particle respectively and R is the radius 
of the sphere. The gravitational force on particle due 
to sphere with cavity = force due to solid sphere – 
force due to sphere creating cavity, assumed to be 
present above at that position. 


1 = 


: GMm | _G(M18)m _ 2 GMm 
Le, F,-2————————Á7 —= 

4R (3R/2)? 736 R 
So Ф _ 7GMm!/36R^ 7 


Е  GMmlAR 9 


16. (d): Y= 21 (1 + 6) 

where Y = Young's modulus, ў = modulus of rigidity, 
с = Poisson’s ratio 

Given : Y 2 2.4n 

„241 = 2Т\(1+сбс)ог1+с=12 or 6702 

17. (c): &k2 5x 10 N/m, y = 5 х 10? m 
Yy2=yı+5=10 cm = 10 x 102 m 


W, =i = 5X (5 X10") x (5x 107)? = 625 N-m 


1 Is. m 
Wo-lb. уу (Л!) =4 


W, = 4W, = 25.0 N-m -. AW = W,— W, = 18.75 N-m 
18. (d) 
19. (b) On 


pouring oil on left 
side, water rises 
by 25 cm from its 
previous level in 
the right limb of = 
U-tube, creating Е 
а difference of 
levels of water by 50 cm. Let A cm Be the height of 
oil above level 4 in the left limb of U-tube. 
Equating pressures at 4 and B, we get P, — P, 





h x Poi X g = 50 х рь хе 
Ж h = 50x Paie _ _ 50х1 = 62. 5 cm 
Poi (08. 


7. Difference of levels of oil (C) and water (D) in the 


two limbs = 62.5 — 50 = 12.5 cm. 

20. (c) : The number of moles of system remains same 
ВИ, Pe PU +H) yp РОЙ + УБТ, 

® RE. RE (ВИТ, + БУТ) 
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Ram Uu d$ ubcr 
TTB 
T\=0°C, T, = 100°C 

y,- V Id 
Te 157^ 9-191 
= 10 cm; /,-/,= 0.08 mm = 0.008 cm 

= 0.008 + 70 За = 24х10 /°С 

ата eee 

V, - 1000 

i -6 2 
· 24x10" = 1000x100 


V,—1000 = 24 х 10% х 105 = 2.4 .. 


22. (а) : By the law of conservation of energy, energy 
given by heater must be equal to the sum of energy 
gained by water and energy lost from the lid. 

Pt = msA® + energy lost 
1000г = 2 x 4.2 x 10? x 50 + 160; 
8401 = 8.4 x 103 x 50 = 500 sec = 8 min 20 sec 


V, = 1002.4 сс 


23. (d) : For slab in series, we have 


Req = Ri + Ro Pill ee d 
KA 2KA KA 
Now, in a steady state rate of heat transfer 


through the slab is given by 


d T-T (h-T)y, ; 
E R. 3x ... (i) 
Given 22 (469€), (ii) 


Comparing (i) and (ii), we get f= 1/3. 
24. (8) : Incylinder A, heat is supplied at constant pressure 
while in cylinder B heat is supplied at constant volume. 
‚ (AQ, = nCKAT), and (AQ), = nC KAT) p 
Given : (AQ), = (АО) в 
G; 

©. (AT), = Z- (AT), = 1.4 х 30 = 42 К 

[`` For diatomic gas c -14] 

y 
25. (d) : x = 4(cos nt + sin m) 
1 
= 4/2 Iz = COS Tt + — sin т] 
v2 


4 4 ] 
= 442 sin (ne + z) 


Standard equation of displacement is 
x = a sin (ot + 9) 
Comparing the given equation with standard equation 


a-442m 


2442 [ass cos nt + соз = sin ms 
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26. (с): m= М, Т, = Т 


diuo r=% 


Т, Олут [m _ 


T, 2n|m|k үт VM +m 
or Мт (RY _(5T/3V 25 . m_16 
M T, Nan) 9 "M 9 
27. (c): Given : Molecular mass of oxygen 


(Мо) = 16My. (where My is the molecular mass of 
hydrogen) and volume of oxygen Vo = Vy (where Vi 
is the volume of hydrogen). 
M E mass of mixture is 

Мох = Мо + My = 16 Му + My = 17Mg 
and volume of the mixture is 








(Vmix) = Vo + Vg = Vy ge 2g 
Density of a gas, p=% 

Pax Mai Va UMa _ 17 
Therefore, m = M, x y. = M t$ 


Velocity of sound in а gas is given by 


у= Р. i.e. ya 


Vp Jp 
Therefore, Vong В ла JE 
Vy Puis 17 


28. (b) : Given : y — 4sin It - x + d CIN 





Standard equation : y = asin Е ut — A + à |.) 
Comparing (i) and (ii), we get 


1 
2m =F or v= т Hz 
27 


r огА = 18 т 
1 

Velocity OP eee ie 
Amplitude a = 4 m. 





29. (a) : In the first overtone of organ pipe open at 
one end 
E ; 
ve = AL. (i) 


Third harmonic or second overtone of organ pipe 
open at both end. 

3v 

Ое (И) 

From equations (i) and (ii), we get 


36 


Ug = 











Зу |. Зу FEY Т1 
«i3 
30. (b) : When the train is approaching, 
iic 120 80 
о = GER x v= зу" 30024 х 243 = 79 х 243 
80 
79 
When the train i T nne 
82 
$4 bem 
Beat frequency is 


D 1 1 
1 2 0x 3 7 81 


31. (b) : As is clear from the figure 





VD, = = x 243 


x 243 


———XxXU- 


У+У, 





о, 
)-6nz 


K—— 1-233 m ———>1 


LLLLLILILLLLLLL Lu LLL LL 
E В agaf 30° 
= i $54 
ч 4 
05, 253 
а = 0.21ап30° = 5; - = <- = 30 
М? d 02/43 
Мах number of reflections = 30. 
32. (c) 
33. (a) : From mirror equation, 
CUM te we Ce ee 3 
f v u 4 10 2 
J=- 99 от y'=- 20.4 ст 


i.e. shift is 0.4 cm away from the mirror. 


34. (d) : Given : Aperture of objective lens 
(2) = 1 mm = 1 x 102 m and wavelength of 
light (А) = 500À = 500 x 1071? m 

Limiting resolving power of telescope, 

1,224 1.22 x 500 x10" 


dð = - 
а 1x10” 


= 6.1 x 1055 rad 
35. (b) 


36. (b): d= 0.1 mm = 107m, D = 20 ст = 


À = 5460 A = 5.46 х 107 т 
Angular position of first dark fringe is 


1 
5 m 
_ À _ 546x107 


ө = oa diat 2.73 x 10° radian 


2 


= 2.73 x 10° x —— = 0.156? 
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37. (d) : Potential of ring A 


i R JR e d? ATE; 





38. (d) : 
sphere is zero. 


39. (b) : 


Electric field inside the hollow conducting 


If q is the charge on each capacitor, then 


or V,- 0=2.5+2.5+2.5=7.5 V 


Also, Ty,- V,=0-YV, 


or2.5-0- Vy or Vz = ~ 2.5 V 


40. (a) : Potential across potentiometer wire 
_ (02x10?) Vx1m 
b 10? m 

R 

+R 

where R is resistance of potentiometer wire and r is 


resistance connected in series. 
0.02(490 + R)=2R Solving R=4.9Q 


41. (c) : 


= 0.02 V 


х2 





Also 0.02 = 
Е 


Р= 209 


p Q-40 
A e 
1.4 amp 159 
R=502 P 5=100 
Неге ОША г. 
о Ss 
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4 10 PSD 
i.e. the bridge is balanced; hence current through 
15 © resistor is zero. Hence, 15 © resistor is ineffective. 
7 Rago = 20 + 4224 © 
Карс = 50 + 10 = 60 Q 








R, = _КасКарс_ _ 24х60 _ 120 o 

acr Rie ЭРУ ТЕ: а 

120 
So, V4- Ve = 1.4 x -7 = 24 volt 
So current through ABC, J, = E... татр 
Page 24 
обе 
Current through ADC, 1, = = 0.4 amp 
Bie = 


So current through 4 © resistor, 4, = 1 ampere 
No current will flow through 15 Q resistor. 


42. (a) : According to Faraday's first law of electrolysis, 
m= Zit ..m=3.3 х 107 x 3x 2219.8 x 1077 kg 


43. (c) : Let AB represents the current carrying 
conductor and P be the point where magnetic induction 
B is me 


Now Be E сыг +— [sin ġ, + sing, ] 
Шеге ФОР. 
Now АО=ОВ=®ст=3ст И 


and РВ = РА = 5 ст 
ЛОР = (05) – (3)? = 4 ст 


" r=4cm=4 x 10? metre 


2 and sing, = 


ER cites: 
4 nm 


sing, = 











=2x10" = 0.15 x10~ tesla = 0.15 gauss. 
u iR? iiy 
44. (a): B 0—5 Or 54 = 02 
2(R x ) 2[3* +47 
54x2x5x25 
Or laa e 
Now, at the centre of the coil, x = 0 and 
Ші Ho? pnr -.34x2x5x25 i0 (T 
2R 2x3 6 D CONO 
1 S 1 S 
ISSUE EEG up STC 
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S = (G/33) = (3663/33) = 111 Q 


І = E-t where £ is the induced back emf 











46. (d) : R | 
R= = | 

ог1.5= Ё or 1.5 = 29075 ore = 190 V i 

к 20 | 
М, 

47. (a) : Given: — =? 

GP ER Ee sae " 

V, N, or V, xc y.22V,22x20-40 V 

Since the input power = output power (for ideal 

transformer) 
I V. 
TAAT =т= 4x20 = 2 атр 


р 
48. (с) : In Millikan’s oil drop experiment, 
For drop to be remain stationary 





4Е = Mg Here Ё = y and M = 1 nrp 
aV _4_3 
d = 3 mea pg 
d 4, 3 p a4 ) 
or =] = ПР [3 ВЕ Rs 





For second oil drop, V’ -| 


, 


i% =4 orV’=4V 


v7 
F 





49. (b) : According to Einstein’s photoelectric equation 


hv, = hv, + i ту? i) 
ho, = hv, + 1 ту; (ii) 


From (i) and (ii), we get 

^ A(O, =D) = 5 т-у) 
А А 

ny =y 2: (9, -v,) 


50. (d) : According to Einstein's photoelectric equation 
(KE). = ho -W 

The slope of the line in the graph is A, the Planck's 
constant. 


13.6x Z* 


51. (с): E? niin" n 
L 


For ground state, n = 1 .. EZ =-13.6xZ‘ eV 


38 


Here EZ =--122.4 eV г. -1224 = -13.6x Z2 orZ 5 3 


52. (a) : Sample remain undecayed is N-IN 


Nx =(3) when n is the number of half lives 
P M 
8 12 or n=3 
п=3={- oT, == 5 min 
2 


1.6 MeV 
200 x 1.6 x 10°” MeV 
= 5 х 10! per second. 


53. (a) : The rate of fission — 


54, (d) : In the circuit zener diode is used as voltage 
regulating device. The output voltage Vy = 6 V, which 
is the potential across the zener diode because in 
parallel. the potetial remains the same. 


58. (b) : The Boolean expression which satisfies the 
output of this logic gate is C = А · B, which is for 
AND gate. E 
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1. if A=27+4j-5k the direction cosines of the relation a = b? c? / d! eè. If the maximum errors in 
the measurement of b, c, d and e are b,%, c, o, d 96 





d 
me 





vector 4 are 
and е,%, then the maximum error in the value ofa 














234 —5 
(а) Was" Jas and . 1/45 | determined by the experiment is 
1 2 3 | (a) (b, * c, * d, * e) 
(b) Tas’ 45 and Jas | (b) (b, + c, - d, — e)€6 
4 (c) (ab, + Bc, - y d, - 6 e)96 
(c) ——.,0 and 4 
J45’ Ji (d) (ab, + Bc, +y d, +8 e)% 
(d) 3 235 d 5 7. А person travels along a straight road for the first 
\/45 445 V45 | half time with a velocity v, and the next half time 
2. The unit vector parallel to the resultant of the vectors | with a velocity v.. The mean velocity v of the man is 
? * 7 D л ; Ea 2 en 23 » tv 
зне апа ir m: is (a) Ebo (b) v= = 2 
(а) -Gi«6j-2k |^ (b) -Gi +6j + 2k) = m 
ida mitem © v dv, @ "yy, 
A ss - TS AS 
(©) 49 ` САС as. (@ 49 © шон) 8. Twocars А and B are travelling in the same direction 
3. The vectors from origin to the points A and B are with velocities v, and v, (v, > у,). When the car A is 
A-3i - 6j 2k and B=2i+ j - 2k respectively. at a distance d ahead of the car B, the driver of the 
The area of the triangle OAB be | саг A applied the brake producing a uniform 
(a) 3 Ji? d Ы) 2 7 и retardation a. There will be no collision when 
a) — sq. unit = sq.unit 5 
9 а = 45 
AM 5 (a) d «& Y) Ы) deli cn 
Я . 5 : 2 
(c) zT sq. unit (d) 37 Ssq.unit a 
P у, – у)? ү у; 
4. If C and R represent capacitance and resistance (c) d „=ч (d) d> ЗЕ 
respectively, then the dimensions of RC аге - ; CN | 
(а) [M°L°T?] (b) [M°L°T] 9. А frictionless wire АВ is fixed on a sphere of radius 
(c) [ML] (d) none of these R. A very small spherical ball slips on this wire. The 


time taken by this ball to slip from A to B i 
5. Theequation of state of some gases can be expressed чары ыы ш al et ada 


f 
as | P+ aly —- b) = RT . Here P is the pressure, V 


is the volume, T is the absolute temperature and a,b,R 
are constants. The dimensions of ‘a’ are 
(а) [ML'T7] (b) [ML"T?] 
(с) [М?Т] (d) [M°L°T°] 

6. А physical parameter а can be determined by 
measuring the parameters b, c, d and e using the 


Momentum, 1495, Near Stadium, Wright Town, Jabalpur (M.P.) Phone : (0761) 4005358, 4035241 
Website : www.momentumacademy.com, email : momentumacademy @ gmail.com 
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10, 


11. 


12. 


13. 


14. 


(a) 268. (b) ю/ 9559. 
gcos8 8 
R R 
UEM. d 8 
(© 8 © V gcos 


A body is revolving with a constant speed along a 
circle. If its direction of motion is reversed but the 


speed remains the same, then which of the following | 


statement is true? 

(a) The magnitude of centripetal force is variable 
(b) The centripetal force will have its direction 
reversed 

The centripetal force will not suffer any change 
in direction 

The centripetal force would be doubled 


(c) 
(d) 


The angular speed of seconds needle in a mechanical 
watch is 


(a) ag reds (b) 2m rad/s 
(c) m rad/s (d) 92 rad/s 


Figure shows а body of mass т moving with а 
uniform speed v along a circle of radius r. The change 
in velocity in going from A to B is 





(a) pJ/2 
(с) v 
A body of mass 5 kg starts from the origin with an 


(b y/J2 


(d) zero 


initial velocity 4 = 30; + 40; ms"! . If a constant 
force Г =~(i+5/)N acts on the body, the time in 
which the y-component of the velocity becomes zero 
is 

(a) 5 sec (b) 20 sec 

(c) 40 sec (d) 80 sec 


A block of mass 5 kg is on a rough horizontal surface 
and is at rest. Now a force of 24 N is imparted to it 
with negligible impulse. If the coefficient of kinetic 
friction is 0.4 and g = 9.8 m/s’, then the acceleration 
of the block is 
(a) 0.26 m/s? 
(c) 0.69 m/s? 


(b) 0.39 m/s? 
(d) 0.88 m/s? 


| 








15. 


16. 


17. 


18. 


19. 


20. 


A vehicle of mass m is moving on a rough horizontal 
road with momentum p. If the coefficient of friction 
between the tyres and the road беџ, then the stopping 


distance is 
2 


@ Ош 





р 
Ne Ft 


62, 








Qr ogee 


A given object takes n times as much time to slide 
down a 45° rough inclined as it takes to slide down a 
perfectly smooth 45° incline. The coefficient of 
kinetic friction between the object and the incline is 
given by 








e (1-2) у Бы 


A particle of mass m moving with velocity v, strikes 
a simple pendulum of mass m and sticks to it. The 
maximum height attained by the pendulum will be 


(b+) vog 


0 Vo 

® 4, 

A car of mass 1250 kg is moving at 30 m/s. Its engine 
delivers 30 kW while resistive force due to surface 
is 750 N. What maximum acceleration can be given 
in the car? 


1 2 | 2 
(a) 3 m/s (b) ; m/s 
1 1 
(б) 5 m/s? (d) = m/s? 


A space craft of mass M is moving with velocity v 
and suddenly explodes into two pieces. A part of it 
of mass m comes at rest, then the velocity of other 











part will be 
Mv Mv 
(a) M-m (b) M+m 
ту (М +т)у 
© tm roma 


A bullet of mass m moving with velocity v strikes a 
block of mass M at rest and gets embedded into it. 
The kinetic energy of the composite block will be 


2 


1 
(b) 2 mv x 





И сон та 
G) 371 7 om M) 


(т+ M) 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


+m) 





pus m 
© © 9M хем) 
When a plane mirror is placed horizontally оп а level 
ground at a distance of 60 m from the foot of a tower, 
the top of the tower and its image in the mirror 
subtend an angle of 90° at the eye. The height of the 
tower will be 

(a) 30m (b) 60m 

(c) 90m (d) 120m 

A light beam is being reflected by using two mirrors, 
as in a periscope used in submarines. If one of the 
mirrors rotates by an angle 6 the reflected light will 
deviate from its original path by the angle 

(a) 20 (b) 0° 

(c) 0 (d) 40 

The relation between the linear magnification m, the 
object distance u and the focal length f is 











@ meia e) m=i 
_f+u TW. 
© m-^5 O mL 


Radius of curvature of concave mirror is 40 cm and 
the size of image is twice as that of object, then the 
object distance is 

(a) 60 cm (b) 20 cm 

(c) 40 cm (d) 30 cm 

A point object is placed at a distance of 10 cm and 
its real image is formed at a distance of 20 cm from 
a concave mirror. If the object is moved by 0.1 cm 
towards the mirror, the image will shift by about 
(a) 0.4 cm away from the mirror 

(b) 0.4 cm towards the mirror 

(c) 0.8 cm away from the mirror 

(d) 0.8 cm towards the mirror 

Monochromatic light is refracted from air into the 
glass of refractive index p. The ratio of the 
wavelength of incident and refracted waves is 

(a) 1:и (b) 1: (c) и:1  (dI:1 

If p, be the relative permeability and К, the dielectric 
constant of a medium, its refractive index is given by 


1 1 
(а) (b) 
HoKo ШК, 
(с) Т: (d) Wy K, 


On a glass plate a light wave is incident an angle of 
60°. If the reflected and the refracted waves are 
mutually perpendicular, then refractive index of 
material is 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


Уз 


= 1 
@ YX* ©) v3 @ 5 
The wavelength of sodium light in air is 5890 А. 
The velocity of light in air is 3 х 10* ms". The 
wavelength of light in a glass of refractive index 1.6 
would be close to 
(a) 5890 A (b) 3681 A 
(c) 9424 A (d) 15078 A 


Total internal reflection of a ray of light is possible 
when the (i, = critical angle, i= angle of incidence) 
(a) ray goes from denser medium to rarer medium 
and i<i, 
ray goes from denser medium to rarer medium 
and i >i, 
ray goes from rarer medium to denser medium 
and i> i, 
ray goes from rarer medium to denser medium 
and i <i, 


(c) 3 


(b) 
(c) 
(d) 


A diver at a depth of 12 m in water (u = 4/3) sees the 
Sky in a cone of semi-vertical angle 

(a) sin (4/3) (b) tan“ (4/3) 

(c) sin! (3/4) (d) 90° 

The plane surface of a plano-convex lens of focal 
length f is silvered. It will behave as 

(a) plane mirror 

(b) convex mirror of focal length 27 

(c) concave mirror of focal length f/ 2 

(d) none of these 


A double convex lens of glass of = 1.5 has radius 

of curvature of each of its surface is 0.2 m. The power 

of the lens is 

(a) + 10 dioptre (b) — 10 dioptre 

(c) — 5 dioptre (d) +5 dioptre 

The critical angle between an equilateral prism and 

air is 42°. If the incident ray is perpendicular to the 

refracting surface, then 

(a) After deviation it will emerge from the second 
refracting surface 

(b) It is totally reflected on the second surface and 
emerges out perpendicularly from third surface 
in air 

(c) It is totally reflected from the second and third 
refracting surfaces and finally emerges out from 
the first surface 

(d) It is totally reflected from all the three sides of 
prism and never emerges 


If the refractive indices of crown glass for red, yellow 
and violet colours are 1.5140, 1.5170 and 1.5318 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


respectively and for flint glass these are 1.6434, 
1.6499 and 1.6852 respectively, then the dispersive 
powers for crown and flint glass are respectively 
(a) 0.034 and 0.064 (b) 0.064 and 0.034 

(c) 1.00 and 0.064 (d) 0.034 and 1.0 

If the refractive indices of a prism for red, yellow 


and violet colours be 1.61, 1.63 and 1.65 respectively, 
then the dispersive power of the prism will be 


1.65—1.62 1.62-1.61 

(à) "T6l-1 ОТЕ | 
1.65-1.61 1.65-1.63 

©) “T63-1 (d "161-1 


A prism of refractive index џ and angle A is placed 
in the minimum deviation position. If the angle of 
minimum deviation is A, then the value of A in terms 
of u is 


— 
(a) ча (5) (b) sin "ez 


(с) 2cos" B (d) cos ($) 

In a compound microscope, if the objective produces 
an image Г, and the eye piece produces an image Г, 
then 

(a) Z, is virtual but Z, is real 

(b) J, is real but Z, is virtual 

(c) I, and I, are both real 

(d) I, and I, are both virtual 


The focal lengths of the objective and the eye-piece 
of a compound microscope are 2.0 cm and 3.0 cm 
respectively. The distance between the objective and 
the eye-piece is 15.0 cm. The final image formed by 
the eye-piece is at infinity. The two lenses are thin. 
The distances in cm of the object and the image 
produced by the objective measured from the 
objective lens are respectively 

(a) 2.4 and 12.0 (b) 2.4 and 15.0 

(c) 2.3 and 12.0 (d) 2.3 and 3.0 

If F and F are the focal length of the objective and 
eyepiece respectively of a telescope, then its 
magnifying power will be 
(а) F +F, 


(c) F/F, 


(b) F xF 

@ EF, +F) 

Five equal forces of 10 N each are applied at one | 
point and all are lying in one plane. If the angles 
between them are equal, the resultant force will be 
(a) zero (b) 10N (о) 20N (d) 10/2 N 
Figure shows ABCDEF as a regular hexagon. What 


43. 


is the value of 48+ AC + AD + AE + AF 





(а) o4 (D 240 ©) 440 (9 640 

The frequency of vibration of string is given by 

ыу Here рі ber of i 
От] c p is number of segments in the 

string and / is the length. The dimensional formula 

for m will be 

(а) [MLT] (b) ІМТ] 

(с) MLT] (d) [MLT] 

Which of the following options is correct for the 


object having a straight line motion represented by 
the following graph? 





Q ích 
(a) The object moves with constantly increasing 
velocity from O to A and then it moves with 
constant velocity. 
(b) Velocity of the object increases uniformly. 
(c) Average velocity is zero. 
(d) The graph shown is impossible. 


45. The motion of a body is given by the equation 


46. 


dv(t) 
— — = 6.0—3v(t) , where v(f) is speed in m/s and t 
in sec. If body was at rest at t= 0 
(a) The terminal speed is 4.0 m/s 
(b) The speed varies with the time as v(1) :: 2(1 - e?) m/s 
(c) The speed is 0.1 m/s when the acceleration is 
half the initial value 
(d) The magnitude of the initial acceleration is 3.0 m/s? 


Two plane mirrors are inclined at an angle of 72°. 
The number of images of a point object placed 
between them will be 
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47. 


48. 


49." 


50. 


(a) 2 (b) 3 (c) 4 (d) 5 

An object of length 6 cm is placed on the principle 
axis of a concave mirror of focal length fat a distance 
of 4f. The length of the image will be 
(a) 2cm (b) 12cm (c) 4cm 


Each quarter of a vessel of depth H is filled with 


(d) 1.2 cm 


liquids of the refractive indices n,, п„ n, and n, from 
the bottom respectively. The apparent depth of the 
vessel when looked normally is 


(a) H (n, Lm n, t n) 


4 
(п +n, +n, n) 
4H 


н|+-1 + [з 
n, 


(d) np non 


5 

Material A has critical angle i,, and material B has 

critical angle i, (1. >i). Then which of the following 

is true? 

(i) Light can be totally internally reflected when it 
passes from B to A 

(ii) Light can be totally internally reflected when it 
passes from A to B 

(iii) Critical angle for total internal reflection is i, — i, 


(c) 


(iv) Critical angle between A and B is sin ' ЕЭ 


sini. 
(a) (i) and (iii) (b) (i) and (iv) j 
(c) (ii) and (iii) (d) (ii) and (iv) 
A thin lens made of glass of refractive index 1.5 has 
a front surface + 11 D power and back surface — 6 D. 
If this lens is submerged in a liquid of refractive index 
1.6, the resulting power of the lens is 
(a -0.5D (b) +0.5 р 
(c) – 0.625 D (d) + 0.625 D 


жа CHEMISTRY 


51. 


52. 


The maximum kinetic energy of photoelectrons 
ejected from a metal is 4 x 107? J when it is irradiated 
with radiation of frequency twice the threshold 
frequency. The threshold wavelength of the metal is 
about 

(a) 400 nm (b) 500 nm 

(c) 600 nm (d) 300 nm 


The orbital diagram in which the aufbau principle is 
violated is 
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53. 


54. 


55. 


56, 


57. 


58. 


61. 


62. 


65. 





25 2p 25 2p 

e © 
2s 2p 25 2p 

© б 


The expression of Rydberg constant is 

(а) 27? mh?c / (€ Апе)? (b) 21? m(e?/ Але)? 
(с) (&/ 4ne?/ 2r? тіс (d) 21? mhic / (e? | Ang) 
The velocity of an electron in the first Bohr orbit of 
hydrogen atom is 2.19 x 106 ms“. Its velocity in the 
second orbit would be 

(а) 1.10 x 10° ms" (b) 4.38 x 105 ms! 

(c) 5.5 x 105 ms“! (d) 8.76 x 10° ms 
Which of the following orbitals is symmetric about 
the y-axis ? 

(а) p, (b) p, (c) d; (d) d,, 

The first ionization potential of Na, Mg, Al and Si 
are in the order 

(а) Na«Mg»Al«Si (b) Na» Mg» AI» Si 
(c) Na«Mg«Al»Si (d) Na» Mg» Al«Si 


The correct order of third ionization energies (/Е,) 
of Na, Mg and Al is 

(a) Mg» Na» Al (b) Al » Mg » Na 

(с) Na» Mg» AI (d) Mg» Al» Na 

The correct order of ionization energy is 

(a) Si>P>S (b) Si>P<S 

(c) Si<P>S (d) Si<P<S 


. Which of the element is a metalloid ? 


(a) C (b) As (c) Pb (d) Mg 


. The molecule having one unpaired electron is 


(a) NO (b) CO (c) CN- 
The hybridization in sulphur dioxide is 
(a) sp (b) sp (c) sp? (0) азр? 
The species in which the central atom uses sp? hybrid 


orbitals in its bonding is 
(a PH, (b) NH, 


(d) O, 


(c) CH; (d) SbH, 


63. The ion that is isoelectronic with CO is 


(a) CN- (b 0, (с) Or — (QN; 


64. Which of the following is paramagnetic ? 


(a Oy (b CN- (c) CO (d) NO* 

If 0.6 mol of BaCl, is mixed with 0.30 mol of 
Na,PO,. The maximum amount of Ba, (PO), that can 
be formed is 
(a) 0.70 mol 
(c) 0.20 mol 


(b) 0.50 mol 
(d) 0.15 mol 


. A mixture weighing 4.08 р of BaO (molar mass of 


Ва = 138 g mol") and unknown carbonate XCO, 


67 


68. 


69. 


70. 


71. 


72. 


was heated strongly. The residue weighed 3.64 g. 
This was dissolved in 100 mL of 1 M HCL The excess 
acid required 16 mL of 2.5 M NaOH solution for 
complete neutralization. The molar mass X is about 
(a) 20 g mol! (b) 30 g mol"! 

(c) 40 g mol" (d) 50 g mol! 
Assuming complete dissociation of H,SO, as 
(H,SO, + 2H,O —> 2H,O* + SO?) 

The number of H,O* ions in 10 ml of 0.5 N H,SO, is 
(a) 3.01 x 10?! (b) 1.5 x 10?! 

(c) 6.02 x 10?! (d) 3.01 x 10? 


Three of the following formulae might be empirical 
or molecular formulae but the fourth is certainly a 
molecular formula. Which one is that ? 

(a) МО (b NO, (© NH, (d MgN, 
Given the following reaction at equilibrium. 
Non + 3Н, = 2NH 


2(g) 2(g) зев)" 
constant pressure is added to the system. Predict 


which of the following fact will be affected ? 
(a) More NH,,,, is produced 

(b) Less NES is produced 

(c) No affect on the equilibrium 

(d) K of the reaction is decreased 


Some inert gas at 


— 


For the reaction МО, + О, = 

of the following fact holds good ? 

(a) K -K, (b К >К, 

(с) K, <K, 

(d) K, and K, cannot be correlated unless pressure 
of the system is provided. 


Solids CaCO, and CaO and gaseous CO, are placed 
in a vessel and allowed to reach equilibrium 
CaO,, + СО, — СаСО, АН = – 180 kJ mol ' 

The quantity of CaO in the vessel could be increased 
by 
(a) 
(b) 
(c) 
(d) 


In a system А == — 2B,, + 3C 


2N,0,,» which 


adding more of CaCO, 

removing some of CO, 

lowering the temperature 
reducing the volume of the vessel 


(y if the concen- 
tration of C at equilibrium is increased by a factor 
of 2, it will cause the equilibrium concentration of B 
change to 

(a) two times the original value 

(b) one half of its original value 

(c) 242 times its original value 


(d) 1/242 times the original value 











73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


The half-life period of a radioactive element is 140 days. 
After 560 days, one gram of the element will reduce 
to 

(a) 12g (b 14g (o l8g (d/l6g 
For an endothermic reaction where AH represents 
the enthalpy of the reaction, the minimum value for 
the energy of activation will be 

(a) less than AH (b) zero 

(c) more than AZ (d) equal to AH 


The plot of log K versus 1/T is linear with a slope of 
(a E/R (D -E,/R 
(c) E,/2.303R (d) — E, / 2.303R 


For the decomposition of N O,» it is given that 


5(9» 


2N Os, = АМО, o + О; activation energy, E, 
| 
МО, 3 20+ Org) ; activation energy E; then 
(a) E= E, (b) E > E; 
(с) E< E (d) Е -2E 


0.1 mol of HC1 is added to IL of solution containing 

0.5 mol of sodium acetate. The pH of the solution 

will be 

(a) 1.0 (b 4.74 (с) 5.35 

(Given : K, сн, coom = 1.8 x 10°) 

The ratio of acid strength of HOCN and HCN is 

about (Given : Kimo = 4.2 x 10-1? M and 
«носу — 1-2 X 107 M) 

(a) 548:1 (b) 1:548 

(c) 2.86 x 10°: 1 (d) 2.86 x 10:1 

If pK, for fluoride ion at 25°C is 10.83, the ionization 

constant of HF in water at this temperature is 

(а) 1.74 x 10° (b) 3.52 x 10? 

(c) 6.75 x 10^ (d) 5.38 x 10? 


40.25 g of Glauber's salt is dissolved in water to 
obtain 500 mL of solution of density 1077.5 р dm^. 
The molality of Na,SO, in solution is about 
(a) 0.25 mol kg! (b) 0.24 mol kg" 
(c) 0.26 mol kg" (d) 0.27 mol kg ! 


Mixing of 50 mL of 0.25 M lead nitrate solution with 
25 mL of 0.10 M chromic sulphate solution causes 
the precipitation of lead sulphate. The molarity of 
Pb?* and Ст? ions in the solution respectively are 
(a) 0.0667 М, 0.0667 M (b) 0.1 M, 0.2 M 

(c) 0.125 M, 0.085 M (d) 0.05 M, 0.125 M 

A solution containing Na,CO, and NaHCO, is 
titrated against 0.1 M НСІ solution using methyl 
orange indicator. At the equivalence point, 

(a) both Na,CO, and NaHCO, are completely 
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(d) 4.15 


84. 


85. 


86. 


neutralized 
(b) only Na,CO, is wholly neutralized 
(c) only NaHCO, is wholly neutralized 
(d) NaCO, is neutralized upto the stage of NaHCO, 


^. Benzene (p? = 160 mm) and toluene (p? = 68 mm) 


form ideal solution at certain temperature with mole 
fraction of benzene as 0.2. The vapour pressure of 
solution will be 

(a) 220 mm (b) 86.4 mm 

(c) 160 mm (d) cannot be predicted 


The elevation in boiling point of solution of 9.5 g 
MgCl, in 1 kg water using the following information 
will be (molecular weight of MgCl, = 95, 
К, = 0.52 К molality“) 

(а) 0.16 (b) 0.05 (с) 0.1 (9) 0.2 

Air contains 79% N, and 21% О, by volume. If 
pressure is 750 mm of Hg, the partial pressure of 
oxygen is 

(a) 175 mm of Hg (b) 157.5 mm of Hg 

(c) 320 mm of Hg (d) 250 mm of Hg 

The density of neon will be highest at 

(a) STP (b) 0°C, 2 atm 

(c) 273°C, 1 atm (d) 273°C, 2 atm 


"/. The rate of diffusion of methane at a given 


88. 


89. 


90. 


temperature is twice that of a gas X. The molecular 
weight of X is 

(a) 64.0 (b) 320 (© 40 (d) 8.0 

An alloy of gold and copper crystallises in a cubic 
lattice in which gold atoms occupy the lattice points 
at the corner of the cube and copper atoms occupy 
centres of each of the cube faces. The probable 
empirical formula of an alloy is 

(a) Au,Cu (b) AuCu, (с) Au,Cu, (d) AuCu, 
If the anions (A) form hexagonal closest packing and 
cations (C) occupy only 2/3 octahedral voids in it, 
then the general formula of the compound is 

(a) CA (b) CA, (с) CA, (d) CA, 
Miller indices of the shaded plane shown in the 
diagram 
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93. 


94. 


95. 


96. 


9". 


(a) 001 (b) 111 (c) 110 (d) 100 


The ionization energy of the ground-state hydrogen 
atom is 2.18 x 10 '8 J. The energy of an electron in 
its second orbit would be 

(а) – 1.09 x 1075 J (b) -2.18 x 1075 J 

(c) —4.36 x 107 J (d) – 5.45 x 10? J 
Which of the following arrangement of electrons is 
most likely to be stable ? 


3d 4s 
o E 
e) И 
o т 
[ИИИ ][N] 


Pick out the isoelectronic structures from the following : 
I. CH,* IL H,O* Ш. NH, IV. CH. 

(a) Land II (b) III and IV 

(c) Тапа Ш (d) IL III and IV 


The molecular electronic configuration of B, is 

(a) KK (025)? (с*25)? (n2p,)'(n2p,)' 

(b) KK (62s) (o*2s) (n2p у, 

(c) КК (o02sy (6*2sY (2p } 

(d) KK (02s) (c*2s) (o2p )'(n2p )' 

The expression relating mole fraction of solute (x,) 
and molarity (M) of the solution is 


Spree 

>" M(M, -M,)+p 

(b) x. _— ММ. __ 

7 M(M,-M)-p 

(с) y, MOM =M,) +9 
MM, 

(d) T Cop ari 
MM, 


The equilibrium constant K, of the reaction 


Ay, + By, == 2AB, is 50. If 1 mol of A, and 


2 mol of B, are mixed, the amount AB at equilibrium 
would be 

(a) 0.467 mol (b) 0.934 mol 

(c) 1.401 mol . (d) 1.866 mol 


For a chemical reaction X — Y, the rate of reaction 
increases by a factor of 1.837 when the concentra- 
tion of X is increased by 1.5 times. The order of the 
reaction with respect to X is 


1 


(c) apogamy (d) amphimixis 
19. Effect of foreign pollen on endosperm is 
(a) chimera (b) xenia 
(c) metaxenia (d) polyploidy 
20. The total nuclei in mature male gametophyte of an 
angiosperm are 
(a) two (b) three 


(c) four (d) five 


121.Crucifer ovule is 


* 


(а) atropous 
(с) anatropous 


(b) campylotropous 
(d) circinotropous 


8-nucleated embryosacs are 

(a) monosporic only (b) bisporic only 

(c) tetrasporic (d) any of these 

In an embryo, the radicle is near the 

(a) micropyle (b) chalaza 

(c) hilum (d) funicle 

The ephemeral structure which anchors the embryo 
and pushes it into the nutritional zone of the 
embryosac 

(a) haustorium 
(c) coleorhiza 


(b) suspensor 
(d) radicle 


25.One of the following guide the pollen tube in 
releasing gametes in embryosac 
(a) synergid (b) secondary nucleus 
(c) egg cell (d) antipodal cell 
Photorespiration in C, plants starts from 
(a) Phosphoglycerate (b) Phosphoglycolate 
(c) Glycerate (d) Glycine 
Which type of reaction changes pyruvate to acetyl 
CoA ? 
(a) Oxidative decarboxylation 
(b) Oxidative dehydrogenation 
(c) Oxidative dehydration 
(d) Oxidative phosporylation 
Pyruvic acid before combining with the oxaloacetic 
acid of citric acid cycle change into 
(a) 4 carbon compound (b) 3 carbon compound 
(c) 2 carbon compound (d) 6 carbon compound 


The approximate amount of energy received from 
one bond breakage of molecule of ATP is 

(a) 76 kcal (b) 7.6 kcal 

(c) 6.7 kcal (d) 67 kcal. 


Which of the following occurs only in aerobic 
conditions ? 

(a) Glycolysis 

(b) Oxidative phosphorylation 

(c) Fermentation 

(d) Lactate respiration 


.Largest amount of phosphate bond energy is 


ГАС 
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132. 


37 


produced in the process of respiration during 

(a) glycolysis (b) Kreb's cycle 

(c) anaerobic respiration (d) none of these 
Photorespiration take place in plants where carbon 
fixation occurs through 

(a) Calvin cycle (b) Hatch Slack cycle 
(c) glycolysis (d) Kreb's cycle. 

Total ATP production during EMP pathway is 

(a) 24 ATP molecules (Б) 8 ATP molecules 

(c) 38 ATP molecules (d) 15 ATP molecules 


If there is increase in temperature of about more than 
35°C 

(a) rate of decline of respiration will be earlier than 
decline of photosynthesis 

rate of decline of photosynthesis be earlier than 
decline of respiration 

(c) both decline together 

(d) both show no fixed variations. 

К.О. of C,H,O,. is 

(a) 0.715 (b) 1.00 (c) 1.430 (d) 2.145 
During conversion of pyruvic acid to acetyl CoA – 
are also formed 
(a) CO, and H,O 
(c) CO, and NAD 


(b) 


(b) CO, and NADH, 
(d) CO, and O, 


-The number of glucose molecules required to 


produce 38 ATP molecules under anaerobic 
conditions by any yeast cell is 


(a) 2 (b) 1 (c) 19 (d)38 
What is common in NAD, ATP and FMN ? 
(a) Zn (b) P (c) Ca (d) Mg. 


139.NADPH and ATP are generated through 


(a) anaerobic respiration (b) glycolysis 

(c) photosystem I (d) photosystem II 

In anaerobic fermentation 1546 of the energy is stored 
as ATP and 5046 of it is lost as heat. The remaining 
energy is used in 

(a) doing work 

(b) growth and reproduction of yeast cells 

(c) fast locomotion 

(d) production of oxygen 


In anaerobic respiration of yeast and bacteria, which 
of the following is released ? 

(a) Methanol (b) CO, 

(c) Butanol (d) H,O 

Osmotic pressure depends upon 

(a) concentration of solute 

(b) ionisation of solute 

(c) temperature (d) all of these 


Which of the following has the highest water 


potential СР) 
(a) 1M salt solution (b) 1 M sugar solution 
(с) 1M sugar solution with 2.3 bars pressure applied 
on it 
(d) Distilled water 
1440.5 M sucrose solution develops a pressure of 
15 bars in an osmometer. Which of the following 
statement is wrong for such a solution ? Its 
(a) osmotic potential is — 15 bars 
(b) water potential is — 15 bars 
(c) pressure potential is — 15 bars 
(d) osmotic pressure is + 15 bars 


145.0.1 M solution of a solute has a water potential of 
(a) — 2.3 bars (b) O bar 
(c) 22.4 bars (d) + 2.3 bars 


146.Stump of well watered potted plant shows exudation 
of sap due to 
(a) root pressure 
(c) cohesion force 


(b) capillary 
(d) transpiration pull. 
147 Root hairs absorb water from soil through 
(a) turgor pressure (b) ion exchange 
(c) osmosis (d) DPD 
148.Field capacity is affected by 
(a) soil profile (b) soil structure 
(c) temperature (d) all of these 


Cobalt chloride is blue in dry state. In contact with 

moisture, it turns 

(a) yellow (b) 
150.Main function of lenticels is 

(a) transpiration (b) guttation 

(c) gaseous exchange (d) translation 
151.Yellow bone marrow is found especially in the 

medullary cavity of 

(a) spongy bones (b) long bones 

(c) short bones (d) all of these 
152 Transitional epithelium is found in 

(a) lungs (b) liver 

(c) urinary bladder (d) stomach 


pink (c) green (d) red 


153.Heparin is secreted by 
(a) liver cell 
(c) nervous cell 


(b) mast cell 
(d) kidney 
154. Adam's apple represents 
(a) cartilage of larynx 
(b) thyroid cartilage of trachea 
(c) both (a) and (b) (d) none of these 
155.Cartilage is 
(a) non-vascular 
(c) poorly vascular 


(b) highly vascular 
(d) none of these 


156.Haemoglobin first appears in which stage of RBC 








development 
(a) Erythrocytoblast 
(c) Reticulocyte 


(b) Normoblast 

(d) Erythrocyte 

157 Relative volume of erythrocyte may be read as 
percentage of total blood volume in the graduated 
centrifuge tube (Haematocrit tube) 
(a) PCV (b) ESR 
(c) TLC (d) all of these 


158.Thromboplastin changes into Prothrombokinase in 
presence of calcium ion, now prothrombokinase 
helps in clotting of blood by 
(a) inactivation of heparin 
(b) conversion of prothrombin into thrombin 
(c) conversion of fibrinogen into fibrin 
(d) both (a) and (b) 
159.Which of the following is used as artificial 
anticoagulant and precipitates calcium ion in test- 
tube during blood examination? 
(a) citrate or oxalate of Na 
(b) citrate or oxalate of K 
(c) citrate or oxalate of Cs 
(d) both (a) and (b) 
160 Blood differ from lymph in 
(a) containing less lymphocyte & waste 
(b) containing large protein 
(c) containing RBC (d) all of these 
161.Which of the following layer of epidermis in man 
provides the main protection of body against water 
loss and the entry of disease causing organism? 
(a) Stratum spirosum (b) Stratum corneum 
(c) Stratum lucidium (d) Stratum germinativum 


162.Camouflage of Chameleon is associated with 
(a) chromosome (b) chromomere 
(c) chromoplast (d) chromatophore 


163 Расіпіап corpuscles occur in the skin of certain parts 
of body in mammals. These are 
(a) type of glands (b) pain receptors 
(c) naked tactile receptors 
(d) encapsulated pressure receptors 


164.Epidermis is specialized for 
(a) respiration (b) absorption 
(c) protection (d) all of these 
165.Erector pilli associated with base of hair follicle is 
(a) single unit, involuntary 
(b) multi unit, involuntary 
(c) single unit, voluntary 
(d) multi unit, voluntary 
166.Greenish faecal matter passed by infant in first two 
days of birth due to sterilized intestine is 
(a) macrophage (b) stercobilin 
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(c) meconium (d) both (b) and (c). 
167.The term given to rythmic waves of contraction 
passing backwards over the gut wall resulting in the 
pushing of the food is 
(a) regurgitation 
(c) peristalsis 


(b) emulsification 
(d) deglutination. 
69. ..... among the following are not deciduous 
(a) incisors (b) canines 
(c) premolars (d) Ist and 2nd molars 
169. Eating of raw fish can cause deficiency of vitamin 
(a) D (b) B, (c) B, (d) К 
170. Cloacal thymus is another name of 
(a) cloaca of birds 
(b) endostyle of protochordates 
(c) bursa Fabricius (d) thymus of man. 


l. Mumps is the painful condition of 
(a) sublingula infection (b) parotid infection 
(c) submaxillary salivary glands 
(d) all of these 


72. Cow's milk is more nutritious and slightly yellow 
due to presence of 
(a) vitamin D 
(c) riboflavin 


(b) ascorbic acid 
(d) tryptophan 
73. Surfactant dipalmityl lecithin of the lungs is released 

by 
(a) histiocytes of the lungs 
(b) Kupffer cells of the liver 
(c) Clara cells of the lungs 
(d) both (a) and (c) 

174. The end product of anaerobic respiration, in animals, 
is 
(a) pyruvic acid 
(c) lactic acid 


(b) malic acid 
(d) methyl alcohol 


'5.Haemoglobin oxygen dissociation curve in 
developing foetus is 
(a) sigmoid 
(c) parabola 


(b) hyperbola 
(d) none of these 


The intestinal villi are more numerous and larger in 
posterior part of small intestine than in anterior part, 
because 

(a) blood supply is poorer in anterior part 

(b) there is more digested food in posterior part 
(c) blood supply is poorer in posterior part 

(d) digestion is faster in posterior part 

The partial pressure of oxygen in the alveolar air is 
about 

(a) 50 mm Hg (b) 101 mm Hg 

(c) 150 mm Hg (d) 200 mm Hg 


8. Sometimes food gets accumulated in lower part of 
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oesophagus due to failure of cardiac sphincter. This 
leads to 

(a) Heart burn 

(c) Cardia achlasia 


(b) Achlorohydria 
(d) Deglutination 
179. Aurebach's plexus is present in 

(a) submucosa 

(b) between mucosa and submucosa 

(c) between circular and longitudinal muscles of 
muscularis interna 
between circular and longitudinal muscles of 
muscularis externa 


180. The heart rate is increased by 

(a) an increase in the activity of the sympathetic 
nerves that supply the heart 

(b) adecrease in the activity of the parasympathetic 
(vagus) system 

(c) an increase in the level of adrenalin in the 
circulation 

(d) all of these. 


181. During oxygen transport the oxyhaemoglobin at the 
tissue level liberates oxygen to the cells because in 
tissue 
(a) O, concentration is high and CO, is low 
(b) O, tension is low and CO, tension is high 
(c) O, concentration is low and CO, is high 
(d) O, tension is high and CO, tension is low 


(d) 


182. Chloride shift is essential for transport of 
(a) CO, and O, (b) N, 
(c) CO, (d) O, 
183. The anticoagulant most commonly used to store 
blood in the blood banks is 
(a) sodium citrate (b) sodium fluoride 
(c) EDTA (d) acid citrate dextrose 


184. Active bone marrow in adult human being is about 
(a) 3.5 - 6% of the body weight 
(b) 3.5 - 696 of total blood 
(c) 3.5 - 6% of total body fluid 
(d) 3.5 - 6% of coelomic fluid 


185. Pacemaker of the heart in rabbit is situated in 
(a) wall of right atrium close to eustachian valve 
(b) interatrial septum 
(c) interventricular septum 
(d) wall of left atrium close to the opening of 
pulmonary veins 


186. Severe Acute Respiratory syndrome (SARS) 
(a) is caused by a variant of Pneumococcus 
pneumoniae 
(b) is caused by a variant of the common cold virus 
(Corona Virus) 
(c) is an acute form of asthma 


(d) affects the non-vegetarian much faster than the 
vegetarians 


187.Which statement is wrong ? 

(a) Partial pressure of CO, (P, ) is higher in the air 
inside the lungs А 

(b) Partial pressure of О, (Р, ) is higher in the air 
inside the lungs i 

(c) Partial pressure of O, (P,,) is lower inside the 
venous blood than in the air in the lung 

(d) Partial pressure of CO, (Р) is higher inside 
the venous blood than in the air 


188.Which one of the following is a disease of kidney? 
(a) Parkinson’s disease (b) Addison’s disease 
(c) Bright’s disease (d) Graves’s disease 


189,What would happen if human blood becomes acidic 

(low pH) ? 

(a) Oxygen carrying capacity of haemoglobin 
increases 

(b) Oxygen carrying capacity of haemoglobin 
decreases 

(c) RBCs count increases 

(d) RBCs count decreases. 


190Jn a cardiac output of 5250 ml per minute, with 75 
heart beats per minute, the stroke volume is 
(а) 55ml (b) 60ml (c) 70ml (d) 80ml 
191 Which of the following vertebrate organs receives 
only oxygenated blood ? 
(a) Gill (b Lung (c) Liver (d) Spleen 
192. Sphincter of Boyden which helps in the filling up of 
gall bladder is present in 
(a) Ampulla of vater (b) Duct of wirsurg 
(c) Ductus choledoccus (d) Duct of santorini 


193 Chemical responsible for increase in blood pressure 
due to renin action is 
(a) aldosterone 
(c) angiotensin I 


(b) angiotensinogen 
(d) angiotensin II 
194 Glomeruli fail to filter from plasma 

(a) glucose (b) globulins 

(c) lipids (d) Both (b) and (c) 
195.Опе of the following is not a kidney disorder 

(a) pyelitis (b) oedema 

(c) Bright’s disease (d) Paget’s disease 
196.Trimethylamine is excreted by 

(a) marine teleosts (b) mollusca 

(c) fresh water fish (d) amphibians 


197.Which of the following control the amount of 
enzymes in pancreatic juice ? 
(a) Pancreozymin (b) Secretin 
(c) Cholecystokinin (d) Gastrin 





198. When, under certain conditions, the P,, value of 
haemoglobin rises, the affinity of the pigment of 
combining with O, will 
(a) remain same (b) rise 
(c) fall (d) firstrise and then fall 

199 Ultrafiltration occurs in glomerulus when 
(a) hydrostatic pressure is more than osmotic pressure 
(b) colloidal osmotic pressure + capsular pressure 

is less than hydrostatic pressure 
(c) osmotic pressure is more than hydrostatic pressure 
(d) none of these 
200Jn micturition 
(a) urethra relaxes 
(c) ureter relaxes 


(b) ureter contracts 
(d) urethra contracts 


1. а 2 (a 3 (a 4. (b 5. (a) 
6. (d 7. (b в. (с) 9. (c) 10. (o) 
11. (a) 12. (a) 13. (с) 14. (d 15. (9) 
16. (a 17. (a) 18. (с) 19. (a) 20. (а) 
21. (D 22. (a) 2з. (b) 24. (d 25. (a) 
26. (c) 27. (c) 28. (D 29. (b) зо. (b) 
31. (c) 32. (c) 33. (d 34. (b) 35. (а) 
36. (c) 37. (c) 38. (0) 39. (a 40. (с) 
41. а) 42. (d 43. (c) 44. (c) 45. (b) 
46. (с) 47. (a) 48. (b) 49. (d 50. (с) 
51. (D 52. (b 53. (b 54. (a 55. (b) 


56. (а) 57. (а) 58. (с) 59. (0) 60. (а) 

61. (0) 62. (с) 63. (à 64. ( 

66. (c) 67. (à 68. (d) 69. (b) 

71. (D 72. (d 73. (d 74. (c) 

76. (à 77. (с) 78. (a) 79. (с) 

81. (à 82. (a) вз. (b 84. (a) à 

86. (D 87. (a) вв. (D 89. (c) 90. (с) 
(d) 92. (c) 93. (d 94. (a) 

96. (d) 97. (D 98. (c) 99. (c) 100. (b) 
( (0) 105. (c) 
( (а) 110. (o) 


101. (b) 102. (d) 103. (a) 104. 
106. (c) 107. (b) 108. (b) 109. 


111. (d) — 112. (b) 113. (D 114. (а) 115. (с) 
116. (b) 117. (c) 118. (a) 119. (D) 120. (b) 
121. (D 122, (й 123. (а) 124. (0) 125. (а) 
126. (а) 127. (а) 128. (с) 129. (b) 130. (b) 
131. (b) 132. (a) 133. (b) 134.(a) 135. (b) 
136. (b) 137. (c) 138. (b) 139. (d) 140. (b) 
141. (D 142. (9 143. (0 144. (с) 145. (а) 
146. (a) 147. (с) 148. (d) 149, (b) 150. (с) 
151. (0) 152. (с) 153. (b) 154, (а) 155. (с) 
156. (0) 157. (а) 158. (0) 159. (99 160. (d) 
161. (D 162. (9 163. (0 164. (99 165. (b) 
166. (с) 167. (с) 168. (с) 169. (c) 170. (с) 
171. (0) 172. (с) 173. (c) 174.(c) 175. (b) 
176. (b) 177. (b) 178. (c) 179. (d) 180. (d) 
181. (D 182. (с) 183. (d) 184, (а) 185. (а) 
186. (0) 187. (9) 188. (с) 189. (D 190. (с) 
191. (9) 192. (с) 193. (9) 194. (d) 195. (b) 
196. (а) 197. (а) 198. (с) 199. (b) 200. (a) 
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~ SECTION - A 


Multiple Choice Questions with o one correct answer 


1. You are standing ЕНШ in a room in En of a 
vertical mirror. In this mirror, you can see from your 
position only the upper two-thirds of your body. You wish 
to see the entire length of your body reflected in the 
mirror. Which combination of the following three courses 
of action will achieve this? 

(D Move away from the mirror 

(ID Move toward the the mirror 


(III) Use a mirror whose height will allow you to see your | 


whole image when you are at your initial position. 
(a) (D only (b) (ID only 
(c) (IID only (d) either (T) or (IIT). 


2. А 5 kg cart collides on a horizontal surface with a 
20 kg cart. Which cart experiences the smaller force 
because of the collision? 
(a) The 5 kg cart 

(c) The 20 kg cart 

(d) It depends if the collision is elastic. 


(b) The forces are equal 


at height A above the horizontal jungle floor. Monkey A 
steps off the branch holding the end of an inextensible 
rope of length L whose other end is tied to another branch 
at height H, lets go at the bottom of the swing, and falls 
freely to the floor, as shown below. Monkey B steps off 
and falls straight downward. Then, neglecting air 
resistance but not the tension in the rope, the total work 
W done on each monkey and the speed v with which 
each hits the floor are as follows 





(а) W, < Wa Vi < Yp 
, GO W, = W,, У, =, 


(b W, = W,, Y< Yr 
(d W, < Wp v, v, 
4. A person, standing on a train that is accelerating 


forward at 3.3 m/s?, throws a ball vertically upward. 
Neglecting air resistance, the magnitude of the ball's 


| acceleration relative to the train is 


| (c) 7.0 m/s? 


(a) 9.8 m/s? (b) 10.3 m/s? 


(d) 13.1 m/s?, 


| 5, I must cross a river in the shortest possible time. 


Water flows downstream at a constant 5.0 m/s between 
the two parallel shores. Taking the direction of the flow 
as reference, if my boat has a maximum speed of 
10 m/s, it should head at 
(a) 90° 

(c) 150° 


(b) 120° 
(d) 27°. 


| 6. А hoop and a solid cylinder have the same mass and 








| (b) 


3. Two monkeys with the same mass stand on a branch | 


radius. They both roll, without slipping, on a horizontal 
surface. If their kinetic energies are equal, 


| (a) the hoop has a greater translational speed than the 


cylinder 

the cylinder has a greater translational speed than 
the hoop 

the hoop and the cylinder have the same translational 
speed 

the hoop has a greater rotational speed than the 
cylinder. 


(c) 


7. А string clamped at both ends is vibrating. At the 
moment the string looks flat, the instantaneous transverse 
velocity of points along the string, excluding its end- 
points, must be 

(a) zero everywhere 

(b) dependent on the location along the string 

(c) not zero anywhere 

(d) non-zero and in the same direction everywhere. 


8. In vacuum, a potential difference V is maintained 
between points a distance d apart. The corresponding 
electric field E accelerates an electron from rest to a speed 


| v over that distance. Which one of the following 


statements is true? 


(a) E does not depend on d 
(b) E depends on V, not on d 
(c) E depends only on d 

(d) v depends on V, not on d. 


9. Students claim that in a lab experiment they 
witnessed a headon elastic collision between two balls 
on a horizontal surface which resulted in the balls being 
both at rest. No external horizontal force was acting at 
any time on the masses. Which of these comments is the 
most appropriate about this process? 

(a) initial speeds and masses must have been different 
(b) initial speeds and masses must have been identical 
(c) initial speeds, but not necessarily masses, were 
identical 

the process cannot have occurred as claimed. 


(d) 


10. The potential across a 3 uF capacitor is 12V when 
it is not connected to anything. It is then connected in 
parallel with an uncharged 6uF capacitor. At equilibrium, 
the charge q on the 3uF capacitor and the potential 
difference V across it are 

(а) q=12 uC, V=4V (Ы) g=24uC, V=8V 
(c) g=36uC, У= 12 У (d) g=12 uC, V=6V. 


11. In subatomic physics, one often associates a 
characteristic wavelength A with a particle of mass m. If 
h = h/27 (h being Planck's constant) and c the speed of 
light, which of the following expressions is most likely 
to be the correct one? 
(a) А=йс/т 

(с) A-hm/c 


(b) А =#/тс? 
(d Azh/mc. 


12. Atequilibrium, the electric field at a point on a closed 
conducting surface, whether the surface is charged or 
neutral, can never be 

(a) tangent to the surface 

(b) perpendicular to the surface 

(c) zero 

(d) directed inward since it must vanish inside. 


13. A uniform cubical box of mass M rests on a 
horizontal floor with one edge against a small obstruction 
fixed to the floor. Can a horizontal force of magnitude 
F applied on the box at the centre of the side opposite 
the obstruction tip the box? 

(a) No, never (b) yes, only if F » mg 
(c) yes, F > mg/2 is sufficient 

(d) yes, only if F » 2mg. 


14. A circuit consists of a battery, a resistor R, and two 
light bulbs A and B as shown below 








Ifthe filament in lightbulb A burns out, then the following 
is true for light bulb В 

(a) it is turned. off 

(b) its brightness does not change 

(c) it gets dimmer 

(d) it gets brighter. 


15. An observer at O views two closely spaced lines on 
the bottom sheet through an angled slab of plastic with 
parallel faces, exactly as shown in the figure below. 


О 


Plastic oe 
| i 
| 

| | 


LLLA cem 
Compared to when there is no plastic, the lines appear 
to the observer 
(a) the same but shifted to the right 
(b) shifted to the left and spaced further apart 
(c) shifted to the right and spaced closer together 
(d) exactly as they do without the plastic slab. 


16. If all of Earth's polar ice were suddenly to melt into 
the oceans, in the short term the length of the day would 
(a) increase (b) remain the same 

(c) decrease 

(d) first decrease, then increase. 


- = 
Right 


17. Two uncharged balls A and B, each very light and 
coated with a conducting material, hang vertically side 
by side just touching each other. A positively-charged 
glass rod is brought near ball A without touching it. Now 
A and B are separated and then the glass rod is removed. 
If Q, and Q, represent the electric charges on A and B, 
respectively, you conclude that 

(а) Q,«0and Q, <0 (b О, «0and Q, 2 0 
(с) Q, > 0 ааб, <0 (d) Q, > 0 and Q, > 0. 
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18. Two identical balls A and B, of uniform composition 
and initially at the same temperature, each absorb exactly 
the same amount of heat. A is hanging down from the 
ceiling while B rests on the horizontal floor in the same 
room. Assuming no subsequent heat loss by the balls, 
which of the following statements is correct about their 
final temperatures, Т, and Т,, once the balls have reached 
their final dimension? 











“42/44/4574 
Ọ 
owe: | 
ore fm (b) T, >T; 
(с) T, =T, (d) T, <T, 


19. You are travelling at constant speed in an airtight 
car with a balloon floating motionless next to you. 
Suddenly, you slam on the brakes so as to stop the car 
quickly. During decceleration, with respect to the car the 
balloon 

(a) moves forward 
(c) moves backward 
(d) can move forward or backward. 


(b) remains motionless 


20. Due to tidal friction on earth, the radius R of the 
Moon’s orbit is increasing at the rate of a few centimetres 
per year. During this process, the moon’s angular 
momentum 

(a) remains constant since its speed decreases 

(b) remains constant but its total energy increases 

(c) increases as JR while its total energy increases 
(d) decreases as JR while its kinetic energy decreases. 


21. In order to measure the speed v of blood flowing 
through an artery, a uniform magnetic field B is applied 
in a direction perpendicular to the flow and a voltmeter 
measures the voltage across the diameter D of the artery, 
at right angles to B. If positive and negative ions in the 
blood are longitudinally at rest with respect to the flow, 
the speed of the flow is closest to 

(a) v= V/BD (b) v = BDIV. 

(c) v 2 VDIB (d) v = B/VD. 


22. A bar magnet with its north (N) and south (S) poles 
as shown below is initially moving to the left, along the 
axis of, and away from a circular conducting loop. A 
current 7 is induced in the loop, with a the acceleration 
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of the magnet due to this current. As seen from the magnet 


looking in the direction of the loop, 
Fr m 


(a) J runs clockwise and a points to the left 

(b) Z runs counterclockwise and a points to the right 
(c) I runs clockwise and a points to the right 

(d) I runs counterclockwise and a points to the left. 


23. You are moving a negative charge q < 0 at a small 
constant speed away from a conducting spherical shell 
on which resides a negative charge O'« 0. The 
electrostatic fleld of Q is E . Let U be the total energy 
of q, W the work done by the force E, you exert on q. 


and W, the work done by the electrostatic force Fr on 
q. Then, as g is being moved, 

(a) W, = -W and therefore U remains constant 

(b) F, =— F; , and therefore U remains constant 

(c) U increases (d) U decreases. 


| 24. An ice cube of pure fresh water floats on pure fresh 


water in a glass. À huge ice shelf, also of pure fresh water, 
floats on the ocean away from Antarctica. Neglecting the 
contribution due to the density of air, as the ice cube and 
the iceberg melt, 
(a) the water levelrises both in the glass and in the ocean 
(b) the water level does not change in either case 
(c) the water level stays the same in the glass but rises 
in the ocean 
(d) the water level decreases in the glass but stays the 
same in the ocean. 
TSS em "Wm г” 
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Long Answer Questions 


25. A uniform ball of mass M = 1.00 kg is released from 
rest at the surface of a pond and sinks vertically into the 
water. An observer, wishing to determine the density of 
this ball, measures the time-dependence of the angle a 
between the vertical at his position, a distance h above 
the surface, and the direction of the ball's apparent 
instantaneous position (see figure). The horizontal 
distance between the observer and the initial position of 


the ball is d. 


Р 
-@ 
og th 
Ia ey cup) 


The drag force acting on the ball as it sinks is well 

approximated at low speed v by Fi = —bv, where b is 

a constant. We also take the density of water to be 

р, = 1000 kg/m? and its refraction index as п, = 1.33. 

(a) Derive an expression for the instantaneous depth y 
of the ball as a function of a, h, and d. 

(b) Having calculated the depth of the ball as a function 
of time, the observer can then construct the following 
table for the speed of the ball as a function of time: 





From these data, find the initial acceleration of the 
ball and estimate at which value its speed will 
stabilise. Then calculate the density of the ball and 
obtain a value for the drag coefficient b. 


Bicycle headlights are often powered by a generator, 
with the rim of the generator’s shaft rolling against the 
tire’s rim due to the rotation of the wheel. The shaft is 
rigidly connected to a coil within the generator which 
rotates in a magnetic field B. 

In one such generator, the coil has 125 turns of wire and 

a cross-sectional area of 0.0010 m?, immersed in a field 

of magnitude 0.080 T. At the area of contact with the 

tire, the rim of the generator’s shaft has a radius of 

1.25 cm. The tire’s diameter is 66 cm. 

(a) Ifthe lightbulb in the headlight needs 5.0W of average 
electrical power, corresponding to a voltage amplitude 
of 4.0V, to produce a decent amount of light, calculate 
the linear speed of the bicycle needed, assuming no 
slipping anywhere in the problem. 





(b) Calculate the torque that must be supplied by the 
bicycle wheel to produce the required average 
electrical power for the bulb. State briefly two other 
simplifying assumptions that must be made. 

(c) What is the amplitude of the current induced in the 
coil under these conditions? 

(d) To the extent that the lightbulb obeys Ohm’s Law, 
and that its resistance is constant. by what factor 
would the power delivered to the bulb increase if the 
cyclist tripled the bicycle’s speed (presumably 
downhill or at the Tour de France)? 


The long jump as an Olympic sport dates back at 
least as far as 700 BC. Unlike in the modern Olympics, 
it was practised not only from a running start, but also 
from a standing start. The length of a jump was measured 
(as it still is) from the point where the back of the feet 
touched the ground on landing. Paintings on ancient 
Greek vases depict athletes jumping from a standing start 
while holding compact weights in both hands. Examples 
of these have been dug up by archaeologists, and typical 


| ones, made of stone or lead, each have a mass of around 


3 kg. 

(a) Write a short paragraph explaining qualitatively how 
athletes could boost their performance, ie. jump 
further from a standing start, by carrying such weights. 
More precisely, describe what they would have done 
with the weights during the jump.You can accept that, 
as biomechanics research has shown, a loaded body 
could take off at the same speed and angle as an 
unloaded one. 

(b) Estimate by how much the length of a 3 m jump could 
be increased for a 65 kg athlete jumping at an angle 
of 50°. Remember that this takes place from a 
standing start, not a running start like today's long 
jump. You can take the centre of mass of the body to 
be at a height of 1m above ground and the length of 
the arms to be 65 cm. Also, at the moment of take- 
off, the athlete is leaning forward so that his shoulders 
are about 15 cm in front of the centre of mass of his 
body. 


SECTION A 
© > ®ф 93 (с) 4.0 5 (а 


) 7. (b) @ * (9 7$) 
(d) 12. (g — 1* (b м. (d) 15. (b) 
16.(a) 17. (b) 18. (p 19. (c) 20. (с) 
21. (а) 22. (с) 23. (d) 24. (с) 
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SECTION B 


рани » surface 
icti. 10 

^p. 

d * 


m ball 


(a) Let x be the horizontal distance from the point where 
the ball was released, to the point where a ray originating 
from the instantaneous position of the ball at depth y 
crosses the surface to reach the observer. 
From Snell’s law we have sin @ = n, sin B, where 
n, = 1.33 is the index of refraction of water. 
From geometry, we can also write : 

x-d-htana 


tan B = x/y 
p 1-sin^p 
x cos i1 —sin 
Then Sas © 


tanB sin | ч sin? В 





= (d - бапа). | 6. | -1 
ү\ sina / 


(b) The initial acceleration a, can be calculated from the 
first velocity point in the data table. Velocity changed from 
0 to 0.091 m/s іп 0.015, which gives а, = 9.10 m/s. 
The terminal speed can be read off the table as 
approximately у, = 0.916 m/s’. 
The total instantaneous downward force F acting on the 
ball when it has speed v is 

F- Mg-p,Vg — bv a(i) 
where Mg is the gravitational force, p „Vg is the upward 
buoyancy force if the ball has volume V, and bv is the 
drag force. By Newton’s second law, F = Ma, where a is 
the acceleration of the ball. - 


Initially, v is small enough that the drag force can be 
ignored, and we can write 

F= pug — PVE = p, Va, 
with р, the density of the ball. Thus, 
a 
l-ay/g 
_ 1000 kg/m’ 


~ 1-9,10/9.80 
On the other hand, when the speed has reached its final 
value v,, the acceleration vanishes and eq. (i) becomes 


Poan = 


= 1.4 x 104 kg/m? 
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/ а | 
0= Mg - p,Vg - bv, =| 1- —"— |Mg - bv, 
«Pall 





Solving for 5 yields 


p= МЕ. Р». 
vel Pball , 


_ (1.00 kg) (9.80 m/s”) 3 |. 1.00 x I0? kg/m? 
0.916 m/s 1.4x10* kg/m? 


— 9.9 kg/s 

(a) Since the generator shaft contacts the tire very 
close to its edge, we can take its tangential speed v to be 
that of the bicycle wheel, and therefore the linear speed 
of the bicycle itself. This is related to its rotational speed 
о) by v = wr, where r is the radius of the shaft. 
As is readily derived from Faraday's law applied to the 
rotating coil with N turns and area 4, immersed in a 
uniform magnetic field with magnitude B, the voltage 
output of the generator as a function of time is 

€ = WNBA sin wt 
and its amplitude is therefore & = WNBA. Combining 
these expressions leads to 
_ re 
NBA 





_ (125x107 m)(4.0V) 

(125)(0.080 T)(1.0 x 10?m?) 
(b) The average torque supplied by the tire's rotation is 
given by t = P/@, with P the average mechanical power. 
If we ignore any loss due to (i) friction and (ii) the 
resistance ofthe coil, P is also the average electrical power 
produced by the generator. Then 

t-rPlv 


=5.0 m/s 


_ (125x10?my(5.0 W) 
5.0 m/s 


= 1.25 x 102 Nm 
(c) The power amplitude Р. istwicethe average power, 
and the maximum current is therefore 
Гак = P mad Ena = (10 Wy(40 V) = 2.5 А 

(d) Assuming that the light bulb obeys Ohm’s Law, the 
power it consumes goes like the square of the voltage 
supplied at constant resistance. Since that voltage goes 
like the linear speed of the bicycle, power is proportional 
to v?. If that speed triples (to 15 m/s, or 54 km/hr), the 
power supplied is multiplied by 9. The bulb may well burn 
out! 

27. (a) The centre of mass of the body of the athlete loaded 


with the weights follows a parabolic trajectory. Then, if 
the jumper thrusts the weights forward at arm’s length as 
he jumps, the centre of mass lies a bit forward and higher 
from its position than if there were no weights. In 
midflight, the athlete then swings the weights down and 
back-ward before landing, which puts the point of contact 
of his feet at a position slightly further ahead with respect 
to the centre of mass then if no weights were carried. There 
is also an extra enhancement coming from the upward 
vertical motion of the body with respect to the centre of 
the mass as the weights are swung down before landing, 
in effect extending its trajectory a bit further forward. 
(b) Let M be the mass of the body and m the total mass 
of the weights. The position of the centre of mass is given 
by А = (Х, Y): 


| Mnt mr ñ +!» 
М+т 1+m/M 





where r, and r, are the positions of the centre of mass of | 


the body and the centre of mass of the weights, 
respectively. The initial shift in the position of the centre 
of mass of the body due to the weights is then 
| Mntmr _ Ar 
М+т PE 1+M/m 

where Ar = (Ax, Ay) = r, — r, With M = 65 kg and 
m — 6 kg, this gives AR = 0.085 Ar. 
Let us break down the effect into three parts, two 
horizontal ones and one vertical. 
e  Attake-off, the weights are held at arm’s length (arms 

horizontal). Assuming 65 cm as the length of the 


AR 


If we don’t act now; 
what you see here might 


disappeer by 2050 
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arms, plus another 15 cm for the horizontal position 
of the shoulders relative to the centre of mass of the 
body leaning forward, we have Ax = x, — x, = 80 cm, 
which gives AX = 6.8 cm. 

e At landing, the arms are swung backwards. We 
assume that then arms make an angle of 40° with the 
vertical. Then the centre of mass of the body is 
0.0845 sin 40°(60 cm) = 3.3 cm ahead of the centre 
of mass of the system. 

e Ifthe athlete always lands in a crouching position, 
whether or not he carries weights, it is reasonable to 
assume that the vertical position of the weights has 
shifted by up to one metre between take-off and 
landing. Therefore, when the trajectory of the 
system’s centre of mass is at the vertical position it 
would have at landing withtout weights, the centre 
of mass of the body is higher by about 
AY=0.085 x 1m = 8.5 cm. The angle of the trajectory 
being about 50?, the corresponding horizontal 
extension of the length of the jump is 
AX = AY/tan 50? = 7.1 cm. 

Totalling these three contributions gives an extension of 

the jump's length of about 17 cm. This is of course quite 

dependent on the assumptions we made, but gives a 

reasonable estimate. 


Nore : Athletes were not allowed to throw the weights 
while in flight, which makes sense as the long jump was 
not meant as a weight-throwing contest on top of the 


ә 


jump itself. e 
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Thought Provoking < 
Problems in OPTICS - 


1. In YDSE, the incident light is composed of two 
wavelengths 6696 A, and 6699A. The screen is placed 
3 m away and the distance between the slits is 10? m. 
(a) Find the order upto which fringes can be seen on 
the screen? (b) And how far from the centre of the 
screen does this occur? 


2. Suppose that one of the slits in a YDSE is wider 
than the other, so the amplitude of the light reaching 
the, central part of the screen from one slit is thrice 
that from the other slit. Find an expression for the light 
intensity 7 at the screen as a function of Ө, the angular 
position. 


3. Asmallcoin is placed at the bottom of a cylindrical 
vessel of radius А and height A. If a transparent liquid 
of refractive index u completely filled into the cylinder, 
find the minimum fraction of the area that should be 
covered in order not to see the coin. 


4. A spherical surface of 
radius of curvature R 
enclosing a medium of 
refractive index p = 1.5. 
Find the distance x where 
a mirror should be present 
so that the image of a distant 
point object lying on the principal axis is formed at 
the pole P. 


P 





5. Due to a vertical temperature gradient in the 
atmosphere the index of refraction varies as 
u= po 4/1 ++ ay , where p, is the index of refraction at 
the surface and a = 8 x 10-6 nr!” A person of height 
h=2 mstands on a level surface. Beyond what distance 
he cannot see the runway? 


6. A vertical beam of cross-sectional radius r is incident 
symmetrically on the curved surface of a glass hemisphere 


3 
(r = 2) of radius 2r placed with its base on a horizontal 
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table. Find the radius of the luminous spot formed on 
the table. 


7. Light is incident at an angle 0 on one plane end 
of a transparent cylindrical rod of refractive index p. 
Determine the least value of [1 so that the light entering 
the rod does not come out of the curved surface of the 
rod irrespective of the value of 0. 


8. Athin glass sheet (р = 1.52) is introduced normally 
in the path of one of the two interfering waves. Th: 
central bright fringe is observed to shift to the positior 
originally occupied by the fifth bright fringe. П 
À = 5890 A find the thickness of the glass sheet. 


(a) The fringes will be invisible when n" maximum 


5 1 
of wavelength 6699 A coincides with the (+2) 





2 
$ п 1 
minimum of wavelength 6696 А. Непсе п à= | n+ In 
\ 4) 
1 Y 
n (6699) = (n+ 5 | 6696 
п = 1116 
So, the fringes will be visible to the order 1116 
(b) Distance from the centre is given by 
-10 
"ua пАр pee oe х3 oim 
d 10 
2. The resultant intensity at a point is 
Г= К (КА + А} + 24, 45 cos ф) (1) 
AS A, = 34, = ЗА 
The intensity at the central position 
1, 
ly = K(3A + А)? = 16 КА? or K = 16А? (2) 


The path difference at any point P is Ax = dsinO 


The phase difference at any point P is ф = a x Ах; 
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2 
"we At (dsing) 0) 


Thus, equation (1) becomes, 


гЁ 1 [вл + A‘ +2.(3.A).Acos Е) 


164 
: 

О РАТА 
16 a 


3. When the rays coming from the coin incident at 
an angle i > i,, they will be totally reflected. 





Minimum area that should be covered, A = nr. 


» 
As tani, — Оле h tan i, 


H. 


Since sin, = ——' 


l 
u p-2 unis 2 _1 





h nh 





r- Ми -1 CART air = wl 


The total area of the base A’ = n R? 





2 
= The fraction of base area covered = Ny ur 


пк“ 
h? 

-DR 
4. Since light comes from very distant object i.e. u = «e 

1 = 
Ет 

y œ R 

NETUS 

u-1 15-1 
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Due to presence of the plane mirror, the image formed 

at І behaves as a virtual object for the plane mirror 

and a real image I’ is formed in front of the plane mirror, 
v 3R 


at the pole P. >x+x=v >x= TN 
5. Let O be the object visible to man and P be a point 


on the trajectory of the ray 0 = 90 — i. 





ww 


Light ray 





The slope of tangent at point P is tan = = — cotz 
Using Snell’s law, 


Ho sin 90° =p sini = (uo Vit+ay)sini 





1 
sink= Т , cou = — -Jay 
aga they 
y d t 2 
[= = [ах x=2,/— =2 т 
o vay i Ya 5x10 
Xmax = 1000 m 


6. Let Ө = angle of incidence 
a = angle of refraction 








As = а => Fe eee and AIEEE. IIT-JEE or РМТ PMT 
Pees sea You Can Meet The Challenges 
cos A= ve 
In AOPQ, ЗОО P=90+0-0. When one looks at the question papers for the past 
2r г: тапу years, опе thing is clear. The general 
Applying sine гше; cn O01900) = ana standard is rising. 
sino cimi For IIT, one has to not only know the concepts 
NUN d mutuel thoroughly but must have also the ability to 


calculate fast the applications which are dependent 


Шаша уе values on many concepts for the same problem. 





rg = 0.678r 
In fact, for the purpose of studying physics, 
7. Asi.- sin” (=| at B chemistry, mathematics whether one goes for any 
Н exam or not, the most important things are the 
Snell’s law for refraction at A yields concepts in each chapter. If the basic concepts are 
sini sini clear and the student develops the attitude to think, 
PM s irr E --(1) фо ask why, and seek the answers to the logical 


Since r + i, = 90° — sin (90 — ij) = cos i, For a ray limit, or no need to fear any exam here or in 
not to come through the curved surface, r < 90  ;, the universities. IIT-JEE or AIEEE or PMT, in fact 
any exam can be tackled if the concepts are clear. 


p 1 
è cans 1- == 
er ULDS ү! DAE Ш Ee Of course speed and accuracy should be the key- 


word for success. Speed comes with practice. 


To learn to go straight to the heart of the problem, 
reducing the given problem to elementary ones is 
all that is needed. Practice and practice as if the 
winning of the test matches depends on you. 





Think, think straight, and go to the roots of the 
problem when studying, then REVISE, REVISE. 
Е ЕДЕ. This is the key for success. Revise immediately 
u ў p’ after you have learnt something; revise again and 
again till you know your subject like the palm of 


= sin į < Jy? -1 your hand. 


w’-1>sini ; sinis үн? -1 One does not learn 50% truth for passing, 60% 
truth for getting the cut-off percentage and reserve 


Eliminating sin r from (1) and (2), we get 


sini 


u> al + зіп Ө ; s 

z 10046 learning for the rest. Either one works for 
= pj, = v2 Since sinB < 1, 100% or one does not work. What you get is not 
8. x, = displacement of images = 5p in your hands. But you work for is in your hands. 


Revise everything from class XI onwards. Do not 
leave anything or play Monte Carlo. You can win 
Si  5x5890x10^ anything if you have the will to do it. Trust in 
ee = 5:66 x 104 от God 
u-1 152-1 and buckup. 
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Thought 
Provoking 
Problems in 


i. А cylinder of 
weight W and radius R 
is to be raised on to a 
horizontal step of height 
h as shown in figure. A 
rope is wrapped around 
the cylinder and pulled 
horizontally. Find the 





minimum force F necessary to raise the cylinder and 
the reaction force at A assuming the cylinder does not 
slip. 


A ladder rests on the floor, leaning against a wall 
of coefficient of static friction between the ladder and 
floor is u, and that between ladder and wall is и,, What 
is the minimum angle 0 that ladder can make with the 
floor if the ladder is not to slip? (Assuming there is 
uniformly distributed mass). 


3. A rod of mass M 
and length / is pivoted 
at the top. A body of 
mass m and velocity v 
hits at distance d from 
the top and stick to it. Y 
Find the ratio of initial 
energy to the final 


energy. 


A spherical ball of mass m and radius r is projected 
along a rough horizontal surface so that initially 
(t = 0) it slides with linear speed u but does not rotate. 
As it slides, it begins to spin and eventually rolls without 
slipping. How long does it take to begin rolling without 
slipping? 


Rotational. / 


( 
Moons, ~ 
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5. А spherical ball of mass т and radius г moving 
with velocity u strikes elastically a rigid surface at an 
angle à to the normal. Assuming that slipping occurs 
while the sphere is in contact with the surface and 
coefficient of friction is п. Find (и) coefficient of friction 
in terms of а and В when the ball is reflected at an 
angle B to the normal. 


злі, E pat 


1. The moment of arm x of the weight relative to the 
point A, х= JR? - (Е - А)? = J2Rh – k? 


The moment arm of F relative to A 
CD -2R-h 
The net torque about A is 


Wx- Е (28 —h) =0 


W = 4/28 h? — F.(QR- h)-0 





| WA2Rh - h° 
[o 2R-h 
Now, 
Us AST fe I УЕ, =0 
sing condition of equilibrium, YF =0 
ie. N соѕ0 = Е ... (1) 
апа N sin0 = W р) 


Dividing, (ii) by (i) we get 
oe 
F 
Squaring and adding up (i) and (ii), we get 
N-4F +W? 
LF, =0| 


For equilibrium, 
XF,=0| 
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j УЕ, = тыгу, — м. = 0 ...(1) 
and E F, = N; + ш N, - Mg = 0 (2) 
Now, 
Taking moment about point ‘A’ is given by 
Bi uN: =f 
L sin 
A №, Sih — 
(As А = u, №, and f; = p №) 
CL \ 
fz (Lcos®) + f, (Lsin®) = Mg | 86) ..(3) 
қ -— 
Solve (1), (2) and (3), we get 0— tan" uM 
2, 
eae 1 2 
Initial energy, E, = 7 ту ...(1) 
T2 
Final energy, E, = am (2) 


About pivot, according to conservation of angular 
momentum, 
І = І = md ...(3) 


(4) 


2 
M. I. after collision, pM 
Using (3) and (4) in (2), we get 


gp. i. Nm») - mw а 
! 2r (MP. 3) (MP +3md’) ©) 
2| — + md? 
3 J 

From eqns (1) and (5); 

1, z 2 
E, JD х2(МІ + 3md ) MP +3md? 
E, 3m’ у? а? Зта? 


Eqns of motion for (translational) sphere are given by 


R (normal reaction) 
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У Е, = - |= та => – р В = та (1) 
ZF,=R-mg=0 ...(2) 
From eqns (1) and 2, a = - щ 2 ...(3) 
Velocity of C.M. at time ‘Г is v = и + at 

ie y = u — ug t ...(4) 


2 
Eqn of motion for rotation is 7 = p, mgr = тга 





_ 318 5 
= (5) 


r 
Then the angular velocity of the ball at time ¢ is 


ф= 0+0: 2H 8f ...(6) 
2r 


The condition for pure rolling ; v4, = OR 


3p, #67 
u “шетт 


2и 


Tug 


fo 


5. Since collision is elastic, then u cos à =u’ cos D ...(1) 





From impulse momentum theorem ; 

ММ = Ap = р; – р; = 2mucosa „.(2) 
Component of impulse parallel to the surface 

= р МА: = 2mup cosa 


Also, 
2 muycos0 = mu’sinB — musing ...(3) 
В 
From (1) and (3), after solving ; p DAT 
Now, 
Angular impulse on the ball 
= (2mupcosa) r 
re 2umucoso _ 2umurcosa 
I 2 2 
—mr 
Am Spucosa e 


r 


УЕ, = № – № = 0 а) 
and È Ру = N: + ш № – Mg = 0 m.s) 
Now, 

Taking moment about point ‘A’ is given by 





І sin8 

A LN =f — > 
(As f, = u; №, and f; = р №) 
Ja (Lcos0) + f, (Lsin0) = Mg (5 созө) ...(3) 
Solve (1), (2) and (3), we get Ө = tan" Gerad 

Hi 
3. Initial energy, Е, - ту? (1) 
L’? 

Final energy, E; 72r ..0) 


About pivot, according to conservation of angular 
momentum, 





Г = І = md ...(3) 
А ‚ MP E 
M. I. after collision, /^ - — + md (4) 
Using (3) and (4) in (2), we get 
(Ly (туа)? _ Sri а? 
^r g 2 iS 2 2) ...(5) 
21 | tma) 2(M Ê +3md’) 


From eqns (1) and (5); 
p т? х2(М? +3Зта?) 


— & 


_ МР + Зта? 
Зта? 


Е, Зт2 у? d? 
Eqns of motion for (translational) sphere are given by 


R (normal reaction) 





2 Е = – = та > – ш Е = та (1) 
EF,-R-mgz0 y .(2) 
From eqns (1) and 2, а= — Ly g ...(3) 
Velocity of C.M. at time '? is у = и + at 

ie yv =u — #1 (4) 


2 
Eqn of motion for rotation is 7 = | mgr = mra 





55g 
a = m 5 
2 г 6) 


Then the angular velocity of the ball at time ż is 


o=0+ аг 2H 8t ...(6) 
2r 


The condition for pure rolling ; v4, = WR 


SH, Zhor 


u — H, glo = 2r 


2u 
ea 
Tug 


5, Since collision is elastic, then u cos & =u’ cos p ...(1) 





From impulse momentum’ theorem ; 


МА: = Ap = py - p; = 2mucosa ...(2) 
Component of impulse parallel to the surface 
= u МА: = 2mup cosa 


Also, 
2 mupcosð = mu'sinB — musing ... (3) 
From (1) and (3), after solving ; y op omm 
Now, 
Angular impulse on the ball 
= (2mupcosa) r 
Aute 2umucosa 2pmurcosa 
I 2 2 
—mr 
AM Es Spucosa $ 


r 
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1.(a) Capacitance of 6 ДЕ is charged by 6 V. battery. 
Now it is connected with inductor of 5 mH. Find 
current in inductor when 1/3? total energy is 
magnetic. 

(b) An object is thrown vertically upward with some 

speed. It crosses 2 points p, q which are separated 

by h metre. If /, is the time between р and highest 
point and coming back and /, is the time between 

q and highest point and coming back,-relate 

acceleration due to gravity £j, 1, and h. 


2.(a) Two coils m and и having 10 turns and 15 turns 
respectively are placed close to each other. When 
2 A current is passing through coil m, then flux 
linked in coil n is 1.8 x 107^ weber per turn. If 
3 A current is passed :hrough coil 7 then, calculate 
the flux linked per turn of coil m 


(b) A string having tension 360 N and mass / length 


= 4'x 10? kg/m. It produces two consecutive' 


resonant frequencies with a tuning fork, which are 
375 Hz and 450 Hz. Find mass of string. 


3.(a) In photoelectric effect a photon of wavelength 
3300 A is incident on metal surface of work 
function 2.5 eV. Now emitted electrons enter in 


transverse magnetic field 6.7 x 10% T and turn in. 


a circular path of radius 50 cm. Calculate charge 
of electron from the given data ? 
(b) If temperature and magnetic field applied across 
paramagnetic substance are tripled, how many 
times intensity of magnetization of substance will 


change ? 


4.(а) Equation for two waves is given as 
у= а sin(wt + ф,), y; 7 a sin(oX + ф,). If amplitude 
and time period of resultant wave does not change 
then calculate (b; -$. ) 


"owtt 





SE-PMT (Mains) 





A solid sphere of radius a 
having charge 47 is 
placed inside spherical shell 
of inner radius r, outer 
radius R. Find potential at 
distance x, where r < x < R. 


(b) 


E^ 


5.(a) Find the force on conductor 


Рр bA 
carrying current 7 is shown | 
in the figure. il i 
(by A conducting cone is given | 
© charge q. How will the ay 
charge density and electric x 
blu potential varies at different =- I 


бб points of сопе? 

6.(a) A rod is hinged as shown in the figure, supported 
bya table. When the support is withdrawn calculate 
the acceleration of centre of mass. 


Xzzcc-E D mm La » 
Support 


(b) There are two wires each produces frequency of 
500 Hz. By what percentage tension in one wire is 


increased so that 5 beats per second can be heard ? 


7.(a) Write the difference between nuclear force and 
Coulombian force. 

(b) An aeroplane is moving horizontally with speed 

of 100 m/sec at height of 2000 m from ground. A 

small object is detached from it and strikes the 

ground. Calculate the angle from vertical with 
which it strikes the ground. 

(с) Which of the following quantities have same 
dimensional formula? Angular momentum, 
impulse, energy, torque, force and moment of 
inertia. j 
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8.(a) Prove that for a monatomic gas ratio of specifa 1 
heat y = 5/3 : pa 
| 

(b) Give the truth table of the following 





аж 


9.(a) When 4 ampere current flows through battery боті ` i 


positive to negative terminal potential difference | 
is 12 V obtained. When 2 ampere current passes | 
from negative to positive terminal of the battery | 
potential difference 9 V is obtained. calculate emf | | 
and internal resistance of the battery. 


(b) A small pulley of radius 
20 cm and moment of inertia 
0.32 kg m? is used to hang 
a2 kg mass with the help of 
massless string. If this load 
is released then calculate 
acceleration of the 


block. 





10.(a) How many photons of wavelength 439 nm should 
strike on a perfectly reflecting surface in 1 second | 
so that it may exert a force of 10N ? 


(b) Can water be boiled without heating ? | 


SOLUTIONS | 


1.(a) The electric field energy of the capacitor 





3c 
given C = 6 p did. V = 6 volts 


1 
= 54V = 


= 1х(6х10)36 = 108 x 10-5 J 


When соп d to the inductor, it is given that | 
1/3 energy is transferred as magnetic field energy i.e. 


'". Energy 


iir =36x10°J and L= 5 mH (given) 


36x10 x2 ^ Raf 
NN uU TS S| get | 
5x10” DETO | | 


>= 


(b) Time taken to fall through a height Y | | Ap 


1 





= =i? | 
Н = 58 | 
x1 рн | 
Ve we, ee 


Ground 


PHYSICS FOR YOU | OCTOBER '07 


| Due to a voltage applied in primary, 


‘Time taken to fall through A, and H 
separately is /, because it will take as much 
time to go from P to max height, R as 


| from R to P. 
| Therefore time taken to go from P to R and R to ground 
4 is the same as falling from R to ground and R to Р. 


э рн, A н рњ 
pc m Mie. акай E 
Y 8g ge Ys 


because by the same жеб as before, the time taken 
to fall is separately from R to Q and R to ground is the 
same as О to А and R to ground. 


> 2h - _ 2h 
| (Ьу is i=) = = 
| (t, (t, / g 
e (ty-t) - (y = 208 = 8) 
g 
t 2h 2H 
ie. (tj - t) - (t, - t! = z wWhee!-4— 


We assume the total height is H. 


m n 


2.(a) 10 turns 15 tums 


Té lS 
uu is induced 


in secondary this is V,. Due to a voltage applied in 





-d ? * . . . . 
б, is induced in primary. This is V... 





secondary coil at 
_ фа Jp ^J, Qs 
nw di d IET 
pe 8x107* 23 = 4.05 х10* weber per turn. 
Неге Bi is used for the flux per unit turn. 
кы 74 
| (b) Fi 2l yp 
where 1 m is the velocity of the wave 
yas ded n 390... збы 
Mo ү4х107 
Let the parmonics be nandn+ 1 
ny _ (ntl) _ 
5] 375 Hz; ap = 450 Hz 


! It is assumed that the length is the same. 


69 


-. Mass of the string = 2 x 4x 107 = 8 x 10? р. 


3.(a) The photoelectric equation of Einstein is 
ho = hog + К.Е. ак for the electrons. 





1 
gx = ро – ho, 
where AU, is the work function 
hc | 12400eVÀ 
hyo = — = = 3.76 
Me 7 ао саву 


-. Max. К.Е. = 3.76 – 2.5 eV = 1.26 eV = 1.3 eV 
n E=13 x 1.6 х 107! J 








2 
qvB = — => qB- mt 
| V2mE _ N2x9x10?! x13x1.6x107? 
Br 6.7 x10 5 x 0.5 
6.1x10 ?5 
eese ИККО ОП, 
6.7x0.5x10^ 


(b) According to Curie's law, in the straight line portion 
of curve, M vs B/T, if both B and 7 are tripled, M, the 
intensity of magnetisation is not affected. 


4.(a) Equations for two simple harmonic motions are 
yı = a sin(or + ф,) and y; = a ѕіп(о + ф,) 
If the amplitude and time period do not change, 


a and w are the same. The initial phase difference is | 


1 — Ф. 

Assuming fg is the same for both, the sum of the two 
vectors of displacement maximum is given by 

A? = а? + а? + 2а · a соѕ(ф; - b) 

If A? = a’, then à? = 2a? + 2а? cos($, – ф,) 

ie. cos (6, — 06) = -1/2 

i.e. 6; — ф, = 120° 

(b) : Potential at x due to the outer surface, А 

1 (+9) 


1 (62 


4л в x 


1 (Ф) 


4ng£. X 


Due to B atx = 


Due to Cat x = 





Total potential at x 


5.(a) ByAmpere's'law, the magnetic induction at a:point 


70 





I 5 A 
r from the conductor = Н? - 
2nr Ч 
i id 
| The force on the current element idr | 
. Hu Holi dr | 
= F= idr > F = . = 
2nr 2л ғ х 
Total force оп the conductor of Y DOSES 


length / placed perpendicularly is 
г Вой dr _ poli Le 
© 2m 2 Ds vas 
(b) Potential on the surface of a conductor is Kg/r. 
High potential exists at the portions where radius is 
small. That is, smaller the radius greater the charge and 
therefore charge density at that place is also more. 


4------ | -------4 > 
6. (а): 
Support \€-—-12---> 
v 
Mg 
Mass M, Torque = Met = Іа 
"T б „ M а 
C RE Жын n ЧП: 
e ME 
ares 52 = 48 = 0.75. 
| [Т 


For a wire where u is mass/unit length, / is the length 
and 7 is the tension. 

If each one produces 500 Hz, let us assume initially 
the length, tension and mass are the same. 

If by adjusting tension, frequency is changed, 


1 {7 WA M 1 
v= — .. Inv =In| — | zIn7 —— In 
2I Ņ u ix) 2 ^ 
А э y A 1 AT. 
Differentiating the variables, v and 7, 29 = 5 


Ifv, - v = Av = 5 Hz 

Et Eo А" AT. Зубы 

as Sq ences 
7.(a) The differences between nuclear force and 
Coulombian force : 
Nuclear force is very strong when compared to the 
electrostatic that is Coulombian force. 
But the range of nuclear force is very small, of the order 
of fermi or 10-? m whereas electrostatic force has much 
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larger range. 

In the nucleus, even a proton can attract a proton or a 
neutron. For Coulombian forces, like charges repel and 
only opposite charges attract. 

Coulombian force is electrostatic force; nuclear force 
does not depend on the sign of the charges in the nucleus. 





Vert, = ум” = У2х10х 2000 = 200 m/s 
_ 100% 1 | є. 41 
{апе = 500% 2^ Ө = tan Y 


(с) Angular momentum = ғ x mv 
= [LMLIT"] = [ME?T-!] 
Impulse = F x time = [М.а · t] 
= [MLT?T] = [MLT] 


Energy = Lm = [MĽ?T?] 


ne 
ts 


Torque = [r x F] = [L- МІТ] = [ML*T?] 
Force = [MLT?] ; Moment of inertia = [М12] 
-. Energy and torque have the same dimension. 


C 
8.(a) y= ©? the ratio of molar specific heats. 


2 
ү= io where f is the degree of freedom, 


for monoatomic molecules, f = 3 — y = 5/3 











А.В = А+В. 
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9.(a) Emf of the battery + 4 amp. x internal resistance 
is the charging voltage 

12-2£ + 4r (р) 

when discharging, 
9 = е – 27 

solving this, 

(1) + 2 x (2) 

= 30 У = 3g; 


...(2) 





І 
6= 10Ү, г= 0. 





(b ТР = Ја 
-а la 
Ру 
Mg — Т = Ма е 
T 


/ f ^ 
n" Mg = Ма +Т = |м + — 1а 
& R*J 


AT 


jz % Lgs. 2x10 
[m+ l2 " 222, 2ke| м | 
R 0.04 
= 2 m/s’. 
j ho . 
10.(a) Momentum ofa single photon = ee 


| Pradiatve = P per photon 


For a perfect reflector change of momentum is twice 
this value i.e. 2p 

For n photons, it is 2np. This is the total force, if n 
photons are incident on the area. 

Given A = 439 nm; force - 10 N, n=? 


10N= 2 P 


-9 
LON 2н dug pu LE 
À 2x6.6x107 


п = 332.6 х 1025 = 3326 х 10% photons. 


(b) As water is converted to steam, higher the pressure, 
higher the boiling point. At low pressure, water boils 
fast at low temperature. When the pressure is very low, 
below the room temperature, water starts boiling without 
supplying heat. 


4 
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in Momentum and 
Energy conservation 





1. A small block ofmass mis projected 
from the lowermost point of a smooth 
wedge of mass M rests on frictionless 
surface with velocity u. What is the | M 
maximum height reached by the block? 


2. Asmoothring is kept on a smooth horizontal surface. 
From point C of the ring a particle is projected at an 
angle Ө to the radius vector at C. If e is the coefficient 
of restitution between the ring and the particle, show 
that the particle will return to the point of projection 


= 
е 








after two reflections if tan0= 


(l+e+e*) 


3. Two blocks are 
connected bya massless 
string that passes over реу”) 
a frictionless peg as 
shown in the figure. 
M,=6kg and R=3m , 
from the peg. The other 
end of the string is 
connected to a block of mass M, = 13 kg resting on a 
table. Find the angle « with the vertical due to which 
6 kg block be released in order to just lift the 13 kg off 
the table? 












Smooth peg 


none 
7 M. 
e 2 


R-Rcosa= h 


4. A chain of length L< 1х is placed on а smooth 


hemispherical surface of radius R with one of its ends 
fixed at the top of the sphere, then find the gravitational 
energy of the chain from the base of the hemisphere. 


5. A ball of mass 100 gm is dropped from a height 
8 m. It rebounds losing 90% of its total mechanical 
energy. If it remains in contact with the ground for 
At — 0. 02 sec; find the impulse of the impact force. 








By : Prof. R.S. Randhawa* 


SOLUTIONS 


1. From conservation of momentum along x-axis 


mu 
ти = (т + М)у ог У= уг 


From conservation of energy, 








mu? zd t +m) v? 4 mgl 


> 





2. -From figure - 


Arpomt B, tan’ =E tan’ 
: eucos e 


and u' = 4u? sin? Ө + eu? cos? Ө 














Similarly, At point A, "e 
y Atp 
tang” = u'sinO'  tanO' tan 
eu' cos 0' e e 
апа и” = du’ sin? 0+ eu? cos? 0 


As particles come back at the original position, 
^ "2(0-0'-0")-m or tan(0--0'- 0") = oo 
or — 1— [tan 6 tan 0' + tanO tan 0” + tan 0” tan0']- 0 





tan^0 , tan?0 , tan?0 
or 1= A EE 

е e hs 
e 


Ic 
l-e-ce 


tan‘ 9 =“ 
l+e+e 





tan0 = 


3. According to principle of conservation of energy, 


Mgh =i m,y 





Randhawa Institute of Physics, S.C.O. 208, First Floor, Sector-36D, Chandigarh. Ph.: 0172-2620699, Mobile : 9814527699 
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g(R - Reosa) - 5? or v? -2Rg(l-cosa) ......(i) 


When M, is on the point of being lifted, M, is vertical 
Now T- Mg- Mga.Buta-0 
T-Mg-0 


2 
For M, T = Mog tM 

Using (i) and (ii) in (iii), we get 
Mig = Mog + “2 farga -cosa)] 


3M,- M; 
2M, 


4. Letmass ofthe chain is M 
and its length is L = TQ. 
Let PQ = dl, small element 


of chain at angle 0 which 
subtends an angle 20 and 


its mass is 


ы т= (Ка), 


А e^ energy of small portion of the chain, 
dU =mgh . 
From figure, k = Rcos0. 


_3x6-13 . 


= > 
quan 2x6 12° 


a «65? 





B 
p^ 
| 





du=| cere 


Total potential energy of the chain 


dz м 3 g in cos . 40 


0 


pH M gR? sin(L/R), 


5. ЕА -Ap-m»- бы), -m(v tV.) з... (i) 
1 E i. 
v= V2gh : v= N2gh' 
LUTTTTTTTEHTTTTTTTTITTTTIT. 
Since vj = удей and 90% energy is lost 
„Ч ритат) 
Final kinetic energy = ту; = ту хб 
УД. =: |2gh = 2 x10x8 =з йә. 








27 ho Vio Y 10 


| And у = /2gh = 42x10x8 = 4410 ms ! = 4x3.16 


::12.64 ms”. 
Put v, and v, in (i) we get, 


Impulse, J = FAt = m(16.64) = 
I= 1.664 sis 


= 51664 
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Comprehension 1 

Two cars C and D, travel in a straight line. The distance 
of C from the starting point is given as a function of 
time by x(t) = at + В, with œ = 2.60 m/s and 
В = 1.20 m/s?. The distance of D from the 
starting point is x, (f) = yf №, with ү = 2.80 m/s? and ô 
= 0.20 m/s’, 

1. Which car is ahead just after they leave the starting 
point? 

(a) Car C moves ahead 

(b) Car D moves ahead 

(c) Car C and D move simultaneously 

(d) Data is insufficient. 


2. At what time(s) are the cars at the same point? 
(a) 227$ (b 5.735 

(c) 2.6s 

(d) both 2.27 s and 5.73 s 


3. At what time(s) do C and D have the same 
acceleration? 

(a 627s 

(с) 2.675 

(d) both 6.27 s and 4.33 s 


(b 4335 


Comprehension 2 


A container of large 
uniform cross-sectional 
area A resting on a 
horizontal surface, 
holds two immiscible, 
non-viscous and 
incompressible liquids 
of densities d and 2d, each of height H/2 as shown in the 
figure. The lower density liquid is open to the atmosphere 
having pressure P,. A homogenous solid cylinder of 
length L(L < H/2), cross-sectional area 4/5 is immersed 
such that it floats with its axis vertical at the liquid-liquid 
interface with length Z/4 in the denser liquid. The 
cylinder is then removed and the original arrangement 
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H2 


+2 






<-х->» 


COMPREHENSIONS 








25 
is restored. A tiny hole of area s(s << A) is punched on 
the vertical side of the container at a height h(h < H/2). 
As a result of this, liquid start flowing out of the hole 
with a range x on the horizontal surface. 

4. ` The density D ofthe material ofthe floating cylinder 


is 


(а) 54/4 (6) 34/4 
(с) 4d/5 (d) 4423. 
5. The total pressure at the bottom of the container is 
ar ey (b) Ree 
ORE qq a UTD, 

AT 
6. 


' The initial speed of efflux of the liquid at the hole 
ay. 


is і 
(B у= [4H -3h 


CONS TS 
@ v= 1214 + 3h] 





(а) v= | зн + 4h] 
GL 
(©) пву = JS BH – 4h] 


7. The horizontal distance travelled by the liquid, 
initially, is 


(a) X GH + AR)h (b  JGh-4AH)h 
оўо (ЗН — 4h)H (d  J(3H -Ah)h 


8... The maximum horizontal distance travelled by the 
liquid 1s to 


H 2H 
(QB Xma = 4 (b) Xm Ta 
3 5H 
(c) Xmax = TA (d) Xmax = 4 


Comprehension 3 

‚А ball of radius Ё carries a positive charge whose volume 

charge density depends only on the distance r from the 
| ' 

ball's centre as P — Pol1—, . 

where p, is a constant. Assume є as the permittivity of 
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the ball. 


9. The magnitude of electric field as a function of the 
distance r inside the ball’s is given by 


— Pol r pr _Polr г? 
(a) E ZEAE Nb) See 
= 13 4R. = |4 3R 

Po| r al 

Егу а. 

|же 


() Е=Р% р 2 (d) 
e [3 "4R 

10. The magnitude of the electric field as a function of 

the distance r outside the ball is given by 











3 3 
poR poR 
Е = —— b E= 
(a) 8er? (0) 12er? 
Pok“ PoR? 
c) E= d E= 
© Ser? @ 12er? 


11. The value of distance r,, at which electric field 
intensity is maximum, is given by 


O n- O m= 
© mm O n 
12. The maximum electric field intensity is 
(а) E.- вок () Е. = 509 
@ Ey = Р @ в, = 209 


1. (ag:x,-ot^ph^ ; x, =YP- ôf 
quM мөн A 
"cg" v2 
Vp = &р = 2yt — 386 
ave dv, 
ас = Рр аһ = <> = 2y - 68t 


The car that initially moves ahead is the one that has 
larger velocity at = 0. At f= 0, vo=aand v, = 0 

So initially car C moves ahead. 

2. (d x,=x, 
at + D? = үг — 86 
one solution is = 0, which suggests that they start from 
the same point. To find the other solution, divide by г. 
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(cars at same point) 





ie. at r7 yr- 62 
1 ЕЕЕ 
t = 55[-@-1)+ (6-1? — 48a | 


= 4.00 sec + 1.73 sec 
Hence, x, =x, fort=0, t= 2.27 sec and t= 5.73 sec. 


3. (c):For the same acceleration 


а„=аь ^. 2p = 2y - 66t 
.y-B _ 280-120 _ 
or f= 38 — 3020 ^ 2.67 sec. 


4. (a): According to principle of floatation, 
net buoyant force = weight of cylinder 
NS 4 
where 4/5 is the cross-sectional area of the cylinder and 
D is the density of the material of the cylinder. 


„ D23442 
; р=22 : 44 
“, D=5d/4. 


5. (b): Total pressure at the bottom of the container 
» weight of liquid + weight of cylinder 


E: A 


+ Atmospheric pressure 


_[Ad(H/2)g + А24(Н 12)g] (4/5) d14)1g] , p 
A g 





L|,, _ @H+L)d 
= a (4 = A = n ) EX. 


6. (с) : According to Bernouilli's theorem 


Py + de(H/2)+ 2d (1 2 304»? +P, 





Solving, we get: v = {8н 4). 
7.. (0): Time taken by the liquid to reach the ground is 
t 

2h 


"4n 
8 





лати 


< x = vt = | EGH -4h)x 
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centre. Hence, electric field at a distance r from the 
centre of ball. 


8. (с): For maximum distance x $, 


E =0 or h= са У 
19 E ГЕ | PoR 
= = рој MERE ei Tem 
4ле y i2 12gr 
| ан 12Н]3Н _3Н 
max Wes рг" 11. (c): For E to be maximum : 
| fete: E : dE Poļi 2r 0 2R 
9. (а): The given charge distribution in the ball is not | 57 = 0 o sla 4R| “© aom 





uniform but varies w.r.t. distance from the centre. In order 

to calculate the electric field due to it, the ball can be Е. Po | шоо | 
assumed to be made of various concentric spherical ё ^ | AR 
shells. Let us consider one such spherical shell having 

radius r and thickness dr. Volume of the elementary 

spherical shell = 4rz?dr. 

Hence, charge contained in the volume 


.Poe|2R 4R? BE) 
E\9 


9 36R 


Useful for COMpetitive 
examMs ilike 


AIIMS * AFMC *JIPMER 
MANIPAL * NDA * MBA * GMAT 
SAT * NTSE * GRE 


dq = Anr^drp - 4nr?drpg [i-z] 


=4 -Z rd 
оі z} r 


Hence, charge contained within the volume of a sphere 
of radius r(r < А) is: 


r з 4 
= {dq = 4n | =z fea = 4n E 
q = [dq ро J үе етт 
Now the electric field E at a distance r from the centre of 
ball can be calculated as if the charge q is concentrated 
at the centre of the ball. 





Б this 
[3 48 |2 3 4R 
10. (b): For calculating the electric field outside the 


ball, we should calculate first the total charge present in 
the ball, i.e., 


О = 4лр, [1-5] 2dr 


Send D.D/M.0 in favour of Available at leading 
MTG Books. Add Rs. 35 for postage. book-shaps throughout India. 


“SS MTG BOOKS 
sere 503, Taj Apt., Ring Road Near Safdarjung Hospital 
BOOKS New Delhi - 110 029 Tel.: 26191601, 26194317 


R’ к. | gp | 
= 4np)| 2 *_ | = 4л 
| 3 4R боту) 
Again to find the electric field outside the ball, total 
charge Q will be considered to be concentrated at the 
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Train Your Brain 





This exercise will give your brain the workout it needs! 


Australian Physics Olympiad Problems 


SECTION - А 


Multiple Choice Questions with one correct answer 


1. A ball is thrown 

into the air and it moves 

in the path shown here. 

Ignore air resistance in 

this question. 

At position A the ball 

is at the highest point in its path, position B is just 

before it hits the ground. Which of the following 

statements is true? 

(a) The speed of the ball at A is zero and the acceleration 
of the ball at B is the same as at A. 

(b) The speed of the ball at А is the same as the speed 
at B and the acceleration at B is higher than at А. 

(c) The speed at A is lower than the speed at В and the 
acceleration at 4 is higher than the acceleration at 
B. 

(d) The speed at А is lower than the speed at В and the 
acceleration at A is the same as the acceleration at 
B. 

(e) The speed at A is higher than the speed at B and 
the acceleration at A is the same as the acceleration 
at B. 


2. A person at a distance R from the centre of the 
earth (where Ё is greater than the radius of the earth) 
is attracted towards the earth by a gravitational force 
of 400 newtons. How far away from the centre of the 
earth must the person be for the gravitational force to 
be 100 newtons? 


@ ;R O SR 
(e) 16R. 


(c) 2R (d) 4R 


3. Three uniformly charged balls lie at the corners of 
an equilateral triangle. Each ball is positively charged, 
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with the charges as shown in the diagrams below. Which 
of the diagrams below correctly indicates the direction 
and magnitude of the electrostatic force acting on each 
of the balls? 





(e) ED 


4. A truck weighing 6000 kg runs into a car weighing 
800 kg. The truck was moving at 15 ms^!, and the car 
was at rest. Assume that the truck and the car continue 
moving together. What is the final speed ofthe combined 
car/truck system? 

(а) 1.8 ms! (b) 7.5 тз! (c) 13 ms” 
(e) 113 ms. 


(d) 17 ms" 


5. In Ње: circuit 
shown here there is a 
current of 0.3 ampere 
flowing through 10 Q 
resistor. How much 
current flows through 
the 90 Q resistor? 

(a) OA (b) 01А 
(e) 0.3 A. 


102 


12V 450 


(с) 015А (d) 02A 
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6. When a beam of white light is shone into a glass 
prism, a rainbow appears as shown in the below diagram. 
dispersed lights _ red 







Ө A j ES orange 

> yellow 

white light /, 2 xdi uer 
" blue 
PAS violet 


ГАСЛА 


X 


This phenomenon is known as dispersion. Which 

explanation best describes why this occurs? 

(a) Different frequencies of light meet at different angles 

on the glass surface, meaning that they refract at 

different angles, as according to Snell's law. 

Violet light is affected by gravity more than red 

light, because it is more energetic, hence it is pulled 

down more. 

(c) Therefractive index ofglass depends on frequency. 

(d) Snell’s law breaks down when different frequencies 
of light are combined, creating strange quantum 
relativistic effects which cause dispersion. 

(e) This effect is an optical illusion and the light is 
not actually dispersed. 


(b) 


7. Colin claims to have invented a machine that removes 

heat energy from the air and converts it into electricity. 

The entire machine is at the same temperature as the 

surrounding air and does not have an external power 

supply. Can Colin's machine work? 

(a) Yes, it can. 

(b) No, it cannot, because there is no electricity in the 
air. 

(c) No, it cannot, because there will be no net flow of 
energy from the air into a machine at the same 
temperature. 

(d) No, it cannot, because it would violate conservation 
of energy. 

(e) No, itcannot because heat energy cannot be converted 
into electrical energy. 


8. Measurements of time, ¢, were taken as a function 


of mass m, and radius r. The relationship between time, 
2 
Р " m 
mass and radius is of the form ;- k—--q where К 


p 
and q are constants. From the graph below, find the 
value ofk. Hint : Remember that the equation of a straight 
line can be written as y ^ mx * c. 
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% 10 20 30 40 50 60 70 80 90 100110 
mass’/radius’ (g’.cm `°) 
(a) 0.33 cm?.s.g7 (b) 0.38 cm?.s.g ? 
(с) 0.33 g?.cm ?.s! (d) 0.38 g?.cm?.s! 
(e) 2.63 g?.cm? s. 


9. Dimensional analysis is an important technique in 
physics which allows one to check an equation for 
plausibility. Ifthe dimensions on each side ofan equation 
are identical, the equation is dimensionally correct. If 
not, the equation cannot be correct. There are five 
fundamental dimensions. These are length L, mass M, 
time T, charge Q and temperature K. Pure numbers, 
such as 7, have no dimensions. For example, the speed 
of light c is a measure of length per unit time, and has 
dimensions of LT-!. The table below lists some quantities 
and their dimensions. 


Energy, E 
Current, J 


Dimensions 


Viscosity, N 
Momentum, p 
Inductance, 7 
Planck's constant h 





Using this information, which ofthe following equations 
cannot be correct? 


(а) E=held (b) E? = pe + т?с? 
(c) Е- 2 (d) E = 6nnva 
(е) E= lj ; 


10. A tin of peaches is hanging from a spring balance. 
Nearby a bucket of water sits on a set of scales, as shown 
below. The tin ofpeaches, still hanging from the spring 
balance is immersed in the bucket of water. Which of 
the following statements is true? 
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(a) When the tin of peaches is immersed in the water 
the reading on the spring balance decreases and 
the reading on the scales increases. 

When the tin of peaches is immersed in the water 
the reading on the spring balance increases and 
the reading on the scales decreases. 

When the tin of peaches is immersed in the water 
the reading on the spring balance decreases and 
the reading on the scales stays the same. 

When the tin of peaches is immersed in the water 
the reading on both the spring balance and the scales 
stays the same. 

When the tin of peaches is immersed in the water, 
the reading on both the spring balance and the scales 
increases. 


(b) 
(c) 
(d) 


(e) 


SECTION - В 


Long Answer Questions 


11. A hoop of mass m and radius R is rolling without 
slipping with a velocity v along a flat surface. That is, 
the centre ofthe hoop is moving with a constant velocity 
v and the bottom of the hoop, which is touching the 
ground, is not slipping along the ground but is stationary. 
As it rolls the point which was in contact with the ground 
moves up off the ground and the hoop rests on a new 
point on its circumference. As the point in contact with 
the ground is continuously changing any particular point 
is only on the ground for an instant; remember that for 
that instant its velocity is zero. 

(a) How long does it take for the same point on the 
circumference of the hoop to be in contact with the 
ground again? Draw appropriate diagrams as part of 
your answer. 

(b) Express the number of revolutions the hoop 
completes in one second, n, in terms of the velocity 
and radius of the hoop. 

(c) Find the rotational kinetic energy, K,, of the hoop 
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in terms of R, m and n. 

(d) What is the total kinetic energy K, of the hoop if 
it is rolling without slipping with velocity, v? 

(e) Ifthe hoop starts from rest at the top of a hill with 
height ^ and rolls without slipping to the bottom, what 
is its final speed? 

(f) Ifthe hoop slides without rolling (ignoring kinetic 
friction) down the same hill, rather than rolling without 
slipping, will its speed at the bottom be the same as, 
greater than or less than if it rolled without slipping? 
Why? 


12. In this question, we will be investigating nuclear 
fission and fusion. Fission is the process by which a 
nucleus of an atom is split into two smaller nuclei. Fusion 
is the opposite process: two smaller nuclei are combined 
to create a larger nucleus. 
The nucleus of an atom is composed of a number of 
smaller particles called nucleons. When the nucleons 
are brought together to form a nucleus, a certain amount 
of energy is released. As a consequence, a certain amount 
ofenergy (called the binding energy) is required to separate 
a nucleus into its individual nucleons. This binding energy 
can be seen as a difference in mass between the nucleus 
and the combined mass of its nucleons using Einstein's 
famous equation E — mc?, where c is the speed of light. 
Using this, we can find an expression for the mass of 
the nucleus in terms of the binding energy and the 
combined mass of the nucleons: 
(mass of nucleus) х c? = (combined mass of 
nucleons) x c? — binding energy 
In the graph below, the average binding energy per nucleon 
in the nucleus is plotted against the total number of 
nucleons in the nucleus. Note that MeV (mega-electron 
volts) is a unit for measuring energy. 


Average binding energy 
per nucleon (MeV) 





50 75 100 125 150 175 200 225 250 


0 25 
Number of nucleons (4) 
(a) Anucleus undergoes fission into exactly two smaller 


equal-sized nuclei. If the larger nucleus has a total binding 
energy of 50 MeV and the smaller nuclei have a binding 
energy of 40 MeV each, will this process release energy 
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or require energy to occur? How much energy will be 
released/required in MeV? 

(b) Explain with reference to the above graph why larger 
nuclei can undergo fission without an external source 
of energy, but smaller nuclei (<< 50 nucleons) cannot. 
Assume that the products of fission have the same number 
of nucleons each. 

(c) Is it possible for a fusion reaction to release energy? 
Why/Why not? If so, what is (roughly) the minimum 
(or maximum) number of nucleons two identical nuclei 
must each have for a fusion reaction between them to 
release energy? 

(d) Ifa uranium nucleus with 236 nucleons undergoes 
fission into two nuclei with 118 nucleons each, how 
much energy is released in this reaction in MeV? 


13. Consider a helicopter hovering at some height above 
the ground. 

(a) Drawa free body diagram showing the forces acting 
on the helicopter? 

(b) What is the force that acts against gravity to keep 
the helicopter in the air, and what exerts this force on 
the helicopter? 

(c) Find an expression for the rate R, at which air flows 
past the blades (mass per unit time) in terms of the air 
velocity v, air density p, and the area swept out by the 
blades. 

(d) Show that the force exerted by the helicopter blades 
on the air F = Ару?. 

(e) A particular helicopter can hover if its engine 
produces mechanical power P. A scale model which is 
identical to this first helicopter is built, such that it is 
an exact = -scale replica (in all linear dimensions). 
Using the results from the previous parts, what mechanical 
power, in terms of P, is required for this smaller helicopter 
to hover? 


14. This question concerns two balloons and two 
cylinders of gas. One cylinder contains helium, a 
monoatomic gas of molecular mass 4 g mol. The other 
contains nitrogen, a diatomic gas of molecular mass 
28 g mol !. The balloons are identical, and each is 
connected to one of the cylinders. Both gases may be 
assumed to be ideal, and both cylinders weigh the same 
amount. Ideal gases have the property that their molecules 
do not interact other than through elastic collisions, 
and that the pressure in a container of ideal gas is inversely 
proportional to the volume, and directly proportional 
to the temperature and number of moles of gas. 
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(a) Which balloon will be inflated faster when the 
cylinders are opened? Carefully explain your reasoning 
using physical arguments? 

(b) Compare the sizes of the helium-filled balloon and 
the nitrogen-filled balloon. Which, if either, will be 
bigger? Explain your answer. 

(c) Find expressions for the final temperatures of the 
gases in both balloons in terms of the initial temperature 
T and other variables previously defined. 

(d) Hence find the difference between the volumes of 
the two balloons after the heating. 


15. X-rays are a form of high energy light which can 
be used in medical imaging and to investigate the structure 
of solids. It is used because the X-rays have very short 
wavelengths and hence are useful for seeing very small 
things using interference and diffraction of the X-rays. 
Consider X-rays with wavelength A incident on a crystal, 
as shown below. 


to source - to detector 
ж 





The spacing between layers of atoms can be found by 
measuring the angles at which constructive interference 
occurs. 

(a) Draw a diagram showing the path difference between 
the two reflected rays shown above. 

(b) Find an expression for the path difference between 
the two rays. 

(c) Find the condition on the incident angle, 0, as defined 
in the diagram above, for constructive interference. 
(d) Consider a crystal which has a spacing of 
5.5 x 107? m between layers of atoms. The incident 
X-ray have a wavelength А = 1.54 x 1071? m. Find the 
two smallest angles (in degrees) for which there will 
be constructive interference of the reflected X-rays. 
A highly reactive crystal is stored under oil to prevent 
it oxidising explosively in air. The oil has a refractive 
index of 1.6 for X-rays. X-rays of wavelength 
А = 1.54 x 101? m are used to find the spacing between 
layers of atoms in this crystal. The X-ray source and 
detector are arranged as shown below with the sample 
kept under oil while measurements are made. 
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or require energy to occur? How much energy will be 
released/required in MeV? 

(b) Explain with reference to the above graph why larger 
nuclei can undergo fission without an external source 
of energy, but smaller nuclei (< 50 nucleons) cannot. 
Assume that the products of fission have the same number 
of nucleons each. 

(c) Is it possible for a fusion reaction to release energy? 
Why/Why not? If so, what is (roughly) the minimum 
(or maximum) number of nucleons two identical nuclei 
must each have for a fusion reaction between them to 
release energy? 

(d) Ifa uranium nucleus with 236 nucleons undergoes 
fission into two nuclei with 118 nucleons each, how 
much energy is released in this reaction in MeV? 


13. Consider a helicopter hovering at some height above 
the ground. 

(a) Drawa free body diagram showing the forces acting 
on the helicopter? 

(b) What is the force that acts against gravity to keep 
the helicopter in the air, and what exerts this force on 
the helicopter? 

(c) Find an expression for the rate R, at which air flows 
past the blades (mass per unit time) in terms of the air 
velocity v, air density p, and the area swept out by the 
blades. 

(d) Show that the force exerted by the helicopter blades 
on the air F = Apv’. 

(e) A particular helicopter can hover if its engine 
produces mechanical power P. A scale model which is 
identical to this first helicopter is built, such that it is 
an exact 4 -scale replica (in all linear dimensions). 
Using the results from the previous parts, what mechanical 
power, in terms of P, is required for this smaller helicopter 
to hover? 


14. This question concerns two balloons and two 
cylinders of gas. One cylinder contains helium, a 
monoatomic gas of molecular mass 4 g mol". The other 
contains nitrogen, a diatomic gas of molecular mass 
28 g mol !. The balloons are identical, and each is 
connected to one of the cylinders. Both gases may be 
assumed to be ideal, and both cylinders weigh the same 
amount. Ideal gases have the property that their molecules 
do not interact other than through elastic collisions, 
and that the pressure in a container of ideal gas is inversely 
proportional to the volume, and directly proportional 
to the temperature and number of moles of gas. 
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(a) Which balloon will be inflated faster when the 
cylinders are opened? Carefully explain your reasoning 
using physical arguments? 

(b) Compare the sizes ofthe helium-filled balloon and 
the nitrogen-filled balloon. Which, if either, will be 
bigger? Explain your answer. 

(c) Find expressions for the final temperatures of the 
gases in both balloons in terms ofthe initial temperature 
T and other variables previously defined. 

(d) Hence find the difference between the volumes of 
the two balloons after the heating. 


15. X-rays are a form of high energy light which can 
be used in medical imaging and to investigate the structure 
of solids. It is used because the X-rays have very short 
wavelengths and hence are useful for seeing very small 
things using interference and diffraction of the X-rays. 
Consider X-rays with wavelength A incident on a crystal, 
as shown below. 


to source 


to detector 
TE X-ray pota 
M je 38 6 
Wo В Ww jJ 
™ Э 63424463487 - - 
» x 1 d 
nea OOQOQQOO-...* 


The spacing between layers of atoms can be found by 
measuring the angles at which constructive interference 
occurs. 

(a) Draw a diagram showing the path difference between 
the two reflected rays shown above. 

(b) Find an expression for the path difference between 
the two rays. 

(c) Find the condition on the incident angle, Ө, as defined 
in the diagram above, for constructive interference. 
(d) Consider a crystal which has a spacing of 
5.5 x 107? m between layers of atoms. The incident 
X-ray have a wavelength A = 1.54 x 107!? m. Find the 
two smallest angles (in degrees) for which there will 
be constructive interference of the reflected X-rays. 
A highly reactive crystal is stored under oil to prevent 
it oxidising explosively in air. The oil has a refractive 
index of 1.6 for X-rays. X-rays of wavelength 
А = 1.54 x 107? m are used to find the spacing between 
layers of atoms in this crystal. The X-ray source and 
detector are arranged as shown below with the sample 
kept under oil while measurements are made. 
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sample 

(e) Find an expression for thie incident angle in the oil 
at which constructive interference will occur. 

(f) The angle 0,, between the oil surface and the path 
to the detector for constructive interference is 6.8? for 
the first angle at which constructive interference occurs. 
Calculate the spacing between the planes of atoms. Show 
all your working and include a diagram. 


16. An enterprising studeni has a collection of ball- 
shooting machines, which fire negatively charged balls 
of mass m and charge —q. The machine consists of a 
pair of metal plates, one of which is connected to a 
voltage supply line and the other of which is connected 
to earth (zero potential). Balls are accelerated from rest 
at one plate towards the other, and then leave the machine 
with some velocity v from a small hole in the plate. 
Each device draws a constant current ; regardless of 
the potential difference between the plates. 

The student connects N of these devices to a generator 
providing a constant positive potential of V (with respect 
to earth) by a chain of power boards. The resistance 
between one board and the next (and between the 
generator and the first board) is r. Each board then has 
one machine and one more board plugged into it, except 
for the last board, which has only a machine. 

(a) Draw a diagram ofthe device showing the two plates, 
making which one is the positive and which the zero, 
and draw in the electric field and the direction of the 
acceleration of one of the balls. 

(b) If the balls are to have velocity at least v as they 
leave the machine, find the minimum potential which 
needs to be applied to the positive plate. 

(c) The devices are connected as described above. Draw 
a circuit diagram representing this situation. Represent 
the resistances between the boards as resistors, the 
generator as a battery, and the ball-shooting machines 
as circles with the letter B inside. Mark in the currents 
flowing through the devices. (Note that you do not have 
to show all of the machines, just a couple so that the 
pattern is obvious.) 
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(d) What is the total current flowing through the first 
resistor, i.e. that between the generator and the first 
machine? 

(e) What is the potential difference across this first 
resistance, and hence what is the potential applied to 
the first device? 

(f) What is the potential applied to the last (№) device 
in the chain? 

(g) How many devices may the student connect before 
the last one in the chain fails to accelerate balls to velocity 
у? 


SOLUTIONS 
SECTION-A 


1. (d): The ball has a constant horizontal velocity 
and the ball has a constant acceleration downwards due 
to gravity. The vertical velocity of the ball is zero at A, 
and some value (not zero) downwards at B. Thus, at В, 
the ball is at a higher speed than at A. 


GMm 


2 





2. (e): The force due to gravity is given by F = 


As G, Mand m do not change, one can write an equation 
for the first force F}, and the second force ЕЁ, in terms 
of R, and R, as the respective radii. 

Dividing the first equation by the second leads to the 


2 
Г -[® | _400N , 


ratio — = 
Е, (Rj 100N 

Thus, R, = 2R;. 
3. (е) : The force due to charged particles is proportional 
to the product of the charges (Coulomb’s law), so the 
force between the +Q charge and a +50 charge will be 
proportional to 5Q? and repulsive, whilst between the 
two +50 charges the force will be proportional to (50)? 
= 25Q?. Drawing a careful diagram which resolves the 
forces will give the correct answer. 
4. (c): Thisis a question of conservation of momentum. 

Di = py(p is momentum) 
Momentum = mass х velocity 
Thus, 6000 x 15 = (6000 + 800) x v, 
Rearranges to solve for v, (final velocity), 

6000x15 

Cry = 

(6000 + 800) 
5. (b): If there is 0.3 ampere flowing through the 
10 ohm resistor, then there must be 0.3 ampere flowing 
through the combined 90 ohm and 45 ohm resistors. 
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There is the same voltage across both the 90 ohm and 
the 45 ohm resistors. 

Using V = IR, there will be half as much current going 
through the 90 ohm resistor as through the 45 ohm resistor, 
and thus the current will be split in a ratio of 1 : 2. 
Thus, 0.1 ampere will pass through the 90 ohm resistor, 
and 0.2 ampere through the 45 ohm resistor. 

6. (c): The answer is (c) through prior knowledge 
however, this question does not necessarily require 
knowledge of how dispersion works, but can be worked 
out logically. (a) is incorrect, as the beam of white light 
meets the prism at a set angle, and white light is composed 
of light of various colours. (b) is incorrect, there is no 
gravitational direction presented here. 

Light acts as a wave, and waves obey superposition so 
the combination of different frequencies does not have 
“strange quantum relativistic effects”. This effect is quite 
real and observable, so (e) is incorrect. 

7. (c): Energy can be converted from one form to 
another, hence there is no need for there to be electricity 
in the air, and conservation of energy need not be violated. 
Heat energy can be converted into electrical energy. 
To take energy out of the air and into the machine requires 
the machine to be cooler than the air, otherwise there 
will be no net flow of heat. Hence (a) is incorrect and 
(c) is the correct answer. 


8. (b): The gradient of the line of best fit for this 
graph is the constant k. The dimensions of the gradient, 
К. must be cm? s g?. Drawing a line of best fit and 
finding the gradient gives the correct value for k of 
0.38 cm? s 272, hence the correct answer is (b). Note 
that forcing the line through the origin results in the 
incorrect answer (a). 


9. (d): Using the information provided to find the 
dimensions for the right hand side of each question 
and compare these to the dimensions for energy, which 
are ML?T~, the correct is (d) which has dimensions of 
МІТ, which is a force. 

Whether it is E = 6nd is given or 6rmva, both the 
diameter and the radius have the same dimension. But 
61amv is the Stoke's equation for viscous force. 


10. (а) : When the tin of peaches is lowered into the 
water, buoyancy will reduce its effective weight, meaning 
that it will weigh less according to the spring balance. 
However, by Newton's 3™ law, the tin of peaches exerts 
a force on the water, which then exerts this force on 
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the scales. Hence the measuring scales will show an 
increased weight. 

Thus, the spring balance shows a decreased weight and 
the measuring scales show an increase in weight. 


11. (a) As the hoop rolls each point on its circumference 
comes into contact with the ground. When the centre 
of the hoop has moved a distance d the point of the 
hoop in contact with the ground is a distance d further 
along the hoop’s circumference. The figure below 
illustrates this. 






c = centre of hoop 


The hoop must travel the length of its circumference 
for the same point on the hoop to be in contact with 
the ground again. 

The hoop moves with a constant velocity v so the time 
it takes to travel a distance d is t = dlv. 

The time it takes for the same point on the hoop to be 


ч r C 2nR 
in contact with the ground again is T = ——. 
(b) If 7 is the time for one revolution, Ч.е number of 
revolutions that occur in one second is ; = 1/7. 
So n=—— А 
2nR 
The total kinetic energy ofa body is its rotational kinetic 
energy plus its translational (linear) kinetic energy. The 
rotational kinetic energy ofa body is calculated by finding 
the kinetic energy ofthe body if its translational velocity 
were zero. Similarly the translational kinetic energy is 
calculated by finding the kinetic energy of the body if 
it were not rotating. 
(c) If the hoop’s translational velocity was zero but it 
was still rotating n times per second the velocity of 
any point on its circumference would be the distance 
it travels during one rotation times the number of rotations 
per second. 
So v, = 2zRn and since all the mass of the hoop is at 
its circumference the rotational kinetic energy of the 
hoop: 
K,= Еа й ay mR? x Алги? 
2 2 2 
=> К, = mR? 2r. 
(d) The translational kinetic energy of the hoop is 
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K,= 1 ту? 
2 
The total kinetic energy of the hoop is 
Rua ia cuf 
| 2 2 
2 
elk 4 mR? x= m. 
2 2 R? 

(e) The easiest method for solving this problem is to 
use conservation of energy. At the top of the hill the 
hoop has no kinetic energy and a higher gravitational 
potential energy than at the bottom. For convenience 
set the zero for gravitational potential energy at the 
bottom of the hill. 
When the hoop is at the top of the hill the gravitational 
potential energy U,, = mgh and Kop = 0. 
When the hoop is at the bottom, 

Ubottom = 0 and Kottom = mv. 
Applying conservation of energy, 

О is Kiop iz Сонот a Kottom 
So, mgh = mv? and the speed at the bottom of the hill, 


v= J: gh. 
(f) Ifthe hoop slides without rolling its translational 
kinetic energy is its total kinetic energy. 


So Roe 
2 


This means that two identical hoops, one sliding and 
one rolling without slipping, with the same speed do 
not have the same kinetic energy. The rolling hoop has 
a higher kinetic energy. 
As the hoop travels down the hill the gravitational 
potential energy is converted to kinetic energy so at 
the bottom of the hill, they have the same kinetic energy 
and the rolling hoop has a lower speed. 
Quantitatively, applying conservation of energy as in 
part (е), 

Сор at Kiop = Usottom + Kvottom 


| 
mgh = zm. 


2 


So the final speed at the bottom of the hill, v=4/2gh 
if the hoop slides. 
This speed is greater than the speed calculated in part 
(e) as expected. 
12. (a) If we call the larger nucleus А and the smaller 
(daughter) nucleus B, the process described in the question 
can be represented by the equation 

A — B + B. 
The nucleus A has 50 MeV of binding energy, and each 
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B nucleus has 40 MeV of binding energy. Thus, the 
two B nuclei have a combined binding energy of 
80 MeV. This means that forming the 4 nucleus from 
separate nucleons would release 50 MeV, while forming 
the two B nuclei would release 80 MeV. As no nucleons 
were gained or lost in this process, 30 MeV of energy 
must be released. 

(b) When large nuclei (of more than about 100 nucleons) 
fission, the smaller daughter nuclei will have a higher 
binding energy per nucleon (as seen from the graph), 
and hence the process will release energy. If small nuclei 
(less than about 50 nucleons) were to fission, the binding 
energy per nucleon of the daughter nuclei would be 
smaller than the binding energy per nucleon ofthe parent 
nucleus. Hence, this process would require an external 
source of energy to occur and so will not occur 
spontaneously. 

(c) Itis possible fora fusion reaction to release energy. 
When two small nuclei fuse together, their binding energy 
can increase. For example, when two nuclei with 5 
nucleons each fuse together and form a nucleus with 
10 nucleons, the total binding energy increases from 
2x5x5MeV = 50 MeV to 10 x 7 MeV = 70 MeV, 
hence 20 MeV ofenergy would be released by this process. 
Ifthe sum ofthe binding energy of two identical nuclei 
is greater than the binding energy of a nucleus twice 
that size, then fusion of the two smaller nuclei will 
require energy. As the maximum of the graph is at 
50 nucleons, fusion of two nuclei with 25 nucleons 
each will release energy, while fusion of two nuclei 
with 50 nucleons each will require energy. Hence the 
maximum number of nucleons each that two nuclei can 
have for a fusion reaction between them to release energy 
will be between 25 and 50 nucleons. From the graph, 
it can be shown that the exact answer is 40 nucleons. 
(d) From the graph, uranium has a binding energy of 
~ 7.5 MeV per nucleon, and a nucleus with 118 nucleons 
would have a binding energy of ~ 8.5 MeV per nucleon. 
This is a difference of 1 MeV per nucleon. As the binding 
energy has increased, this process will release energy. 
The amount of energy released will be 236 nucleons x 
1 MeV/nucleon = 236 MeV. 


13. (a) 





Рав 
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where Fyyeion = mg is the force due to gravity acting 
downwards on the helicopter and F,,, is the force exerted 
by the air on the helicopter, pushing the helicopter 
upwards. Any reasonable upward force was accepted 
here as a correct answer. 


(b) The force that acts against gravity to push the 
helicopter upwards is the reaction force of the air being 
pushed down by the rotors. By Newton’s third law, since 
air is being pushed down by the rotors, the rotors must 
be pushed up by the air. Hence the air exerts this force. 
The power required for the helicopter to hover is equal 
to the downward force applied to the air by the helicopter 
blades times the mean velocity v, of the downward moving 
column of air beneath its rotor blades. 
(c) The volume of air coming out of the rotors is 
cylindrical, with area A being the area swept out by the 
blades, and some arbitrary height ^. The volume of air 
passing through the blades per unit time is a% 24, 
where v is the velocity of air through the blades. To get 
the mass flow rate, we need to simply multiply by the 
density, to get Ё = Ару which was the required expression. 
Note that this could also be arrived at using dimensional 
analysis. 
(d) This problem requires the definition of force as 
the rate of change of momentum. 
Ap 
At 
Using the definition of momentum as p = mv, we can 
write 

Е = a) = E =УК = Apv’, as required. 
(e) What we are looking for here is the relationship 


between power and length, how is power proportional 
to the length in any direction of the helicopter? 

We can start with P= Fv, the power needed is equal to 
the force exerted by the air multiplied by the velocity 
ofthe air. The force must be at least equal to the weight 
of the helicopter - mg. 

So force scales as F œ m œ P. 

Now we need to know how v varies with /. We can use 
our expression for force from part (d). F = Apv?. From 
this we can say that Apv? œ P. As р does not depend 
on length, and area is proportional to 2, we can say 
that Pv? œ P, hence у2 œ J or v ec 12, 

Returing to P= Fv, we can now write P œ ^. 12 ос 5. 
Hence if in all dimensions / becomes (1/2) /, the power 


PHYSICS FOR YOU | SEPTEMBER 07 


пу 93 uas. \ 
needed goes as | ——/ | : 
м2 7 


з 


1 eo (1\35 
сз! е = Pwhere 


P is the power for the full-sized helicopter. 


14. (a) As both cylinders have the same weight, the 
helium cylinder contains more moles of gas than the 
nitrogen cylinder, since the molecular mass of helium 
is lower than that of nitrogen. Now, as P œ (nT/V), 
(this is given in words in the question) with V and T 
constant, the pressure in the helium cylinder must be 
alot higher than that in thenitrogen cylinder. This indicates 
that the helium balloon will fill faster, because the rate 
will be dominated by the pressure difference between 
the inside ofthe cylinder and the inside ofthe balloon. 
Both balloons are filled with the same number of moles 
of gas, n. 
(b) Again using the relation PV œ nT, this time with 
n and T the same for both balloons, the product of pressure 
and volume must be the same for the two balloons. As 
the balloons are identical, the volume of both balloons 
will be the same. 
An important property of an ideal gas, and indeed of 
many other systems in physics, is the number of degrees 
of freedom which the system possesses. Each degree 
of freedom corresponds to one possible way in which 
the gas can store energy. Molecules can store energy 
through translation (linear motion), in three different 
directions, and in rotation. Monoatomic gases cannot 
Store energy in rotation as they are point-like. Diatomic 
gases can store energy by rotating in two different 
rotational directons. 
We are going to heat the balloons, but not very much, 
and so we shall assume that the pressure of the gas 
inside both balloons is constant. The molar heat capacity, 
thatis the amount of heat required to raise the temperature 
of one mole of gas by one kelvin, of an ideal gas at 
constant pressure is given by 

Cp =| s |z. 


where f is the number of degrees of freedom of the gas 
and R is the universal gas constant. 

The two balloons are now heated by supplying the same 
quantity H of heat (thermal energy) to each. 

(c) From the words in the question, we have the equation, 
Н = nC AT, where AT is the difference between the 
initial and final temperatures, H the heat added, n the 
number of moles of gas and Cp the heat capacity at 
constant pressure. Rearranging for AT 
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Ae zr 

лүе 
Аз Н, п and R are constants, only fis different for the 
two gases; f= 3 for helium (no rotational energy), and 
f= 5 for nitrogen (two degrees of rotation). This gives 
the following equations for AT 


AT. = pus and АТ = 2H. 
"7  SnR 2 7пЕ 
d so 7, T d T, T+ zH 
= + = a 
and so final. He = ink an final, N^ 7nR > 


(d) The first step here is to calculate the volume increase 
for each balloon, then to take the difference between 
them. We are assuming that the pressure is constant, 
and we know that the number of moles is constant, so 
using the earlier relationship PV = nRT, the initial and 
final volumes are 


» 2nRT, 


RT. 
V, and V;=— - 
P 








nRAT 2H 
Р P(f +2) 

So finally, using f= 3 for He and f= 5 for №, 

Vite % mgt a 

ке РР ОР Лер, 

15. (a) See diagram. The dark section is the path 
difference, the extra distance ray b must travel compared 
to ray a. Note that the X-rays that come in and go out 
are parallel, and effectively meet at infinity. As crystal 
spacings are usually on the scale of 10? m, “infinity” 
can be a few cm away, which is where the source and 
detector are. 


and so AV = 





“з crystal 
"4 planes 





(b) Using the diagram below, the path difference = 2dsin0. 





(c) The condition for constructive interference is that 
the path length difference is equal to an integer number 
of wavelengths, so that all the waves interfere 
constructively. 
Hence we required path difference, 

2dsin0 = mA, where m = 1, 2, 3, .... 
(d) Take the above formula and rearrange to 


obtain ѕіпӨ = M 
2d 


А -10 
For m=1: пиш е сл шй ы m 
2d 2x5.5x10!° m 


and hence @ = 8.0°. 


=0.14 


For m=2: sin 75-028 and hence Ө =16°. 
(e) See diagram for part (b). The difference is that 
wavelength is now À = A,,;,/n,, where À is the wavelength 
in oil and A,; is the wavelength in air of the X-rays, so 
the incident angle will be given by 
245110 = mA, /n,g. 
(f) See diagram below. For constructive interference 
in the oil the condition on the path difference becomes 
path difference = 2dsin0 = mA = mA, /nyy 
where A is the wavelength in oil and А, is the wavelength 
in air of the X-rays, and 0 is the angle of incidence to 
the surface in oil. 
тА _ nm. 
2sinO - 2n, sinO ' 
We have numbers for everything in this expression except 
the angle 0, which we can work out using Snell's law 
n;sinO, = m sin. 
See diagram below. The angle 0 is 52°. 
Putting the numbers in, with m = 1 for the smallest 
angle, gives: 





We are trying to find, «= 


ту, m) s a 


1x1.54x10 79 
'2sin0 = 2n,,sin®@ 2x1.6xsin(52°) 
= 0.61 x 10 m. 





Overall view: 


air/oil interface 





\ ` crystal planes 


Close view for finding angles: 
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522A; 


: :0 - 
16. (a) The electric field points grove orum 
in the direction of decreasing 
potential. Negatively charged | ^ ^4 — 
balls will move in the opposite |® т?” 
direction to the electric St ee рт 
field. E ares 


(b) The energy gained by a ње moving through an 
electric field is equal to the charge times the negative 
of the potential difference between the initial and final 
points: -gAV. 

In this case, we get energy = qV. Now this energy is 


З ee tes? 1 
converted into kinetic energy, which gives qV = =m 1 


where m and v are defined in the problem. Solving for 
У, the minimum potential that needs to be applied for 


" В T. L cd 
velocity v gives ^ = 5 q my 
Log 
(c) = (в) (в) 
| | 


(d) Each machine draws а current і. Thus, with N 


YR POR TRS улту 


machines, and since all of the current flows through 
the first resistor, the total current flowing through the 
first resistor is Ni. 

(e) Using Ohm’s law, У = JR, the potential difference 
across the first resistor is Nir. The potential applied to 
the first device in the chain is hence V-Nir. 

(f) At the second resistor, there is a current (N—1)i 
flowing through the resistor. Thus, the potential drop 
over the second device is (N- 1)ir, and so the potential 
applied to the second device is V-Nir-(N-1)ir. By the 
time that we reach the last device in the chain, the potential 


applied is N 
V —ir Ул. 
zl 
Using the hint given, this can be written as 
Р irN(N +1) 


2 

(g) The last device in the chain needs a voltage of at 
least mv?/2q to shoot the ball properly. 
irN(N + ). 

2 29 ` 
This сар be xe to give a quadratic eto for N. 

№ + N-Z, "ru 
Solving for N (and taking only the positive solutions 
as the negative is unphysical) gives 


Hence, V — 


N- 


n 
1 
Mathematical hint : 2; = —5(n- 1). * 
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Thought Provoking Problems á К Gs 5 


e 


NAP 
in ШЕШШГЕН 


1. Inthe system shown in the figure, all the surfaces 
are smooth. The 19 kg block is prevented from rotating, 
i.e. comes straight down. Find its acceleration and tension 
in each cord. 





2. Inthe system shown in the 
figure, the block M, is being 
prevented from descending by 
pulling M tothe right with force 





F. Assuming all the surfaces to 
be frictionless, find F. 


3. Two blocks are kept on an incline in contact with 
each other. Masses of blocks are М, and M, and coefficient 
; А, of friction аге u, and џи, respectively. 
22° The angle of inclination is Ө. Find (i) 
> acceleration of blocks (ii) force R with 
which the blocks press against each 
other. 


4. Assuming the lengths of the chain to be L and 
coefficient of static friction u. compute the maximum 
length of the chain which can be held outside a table 
without sliding. 


5. Ifthe coefficient of friction between an insect and 
bowl is р and the radius ofthe bowl is r, find the maximum 
height to which the insect can crawl up in the bowl. 


Ву: Prof. R.S. Randhawa* 


| SOLUTIONS 


1. From free body diagram of 6 kg, 9 kg and 19 kg. 
Equations of motion are given by 





T, = 6a ........ (i) and 7, = 9a 
19g - (T; + Т,) = 19a 
Adding up (1), (ii) and (ii), we get, 34a = 19g 





M _ 2 gms -2 
Put a in (i) and (ii), we get, Т = 27 N and 7j - М 


2. Free body diagram is given by, 
Equation of motion of block M; 
№= Mg ..(ii) 
Equation of motion 


of block Mj; 





№, = Ма Ие (iv) 


Randhawa Institute of Physics, S.C.O. 208, First Floor, Sector-36D, Chandigarh. Ph.: 0172-2620699, Mobile : 9814527699 
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Now equation of motion of block M, using free body 
diagram, 

Е- Т = Ма + М,....... (у) 

N. = № + Ме + Т........ (vi) 


\ 
Equating (i) and (iii), we get Мо = M,a => 9 = | | g 


Put a in (iv) 
z м) ‚мів 
M =M (Fe Е or M= 


. _.{ My» 
From equation (v) F-T =m Un )5* N 


2 


Using №, and Т = Mg, we get 









_ АЎ | Mfg o ШИ Му+ М2] 
F= Mig + gt М» ` ug Mj 
a: 
N . E mu. 
л=м, я! f uu ү 
а Nas 
"4 R : r4 A. А 
Му2с050 M,gsinÜ М,всоѕ0 “М8 ів0 
Free body diagram of Му Free body diagram of M» 


Equations of motion of free body diagram of М, 

УРЕ, = Mgsin@ - R - uN; = Ма .- (i) 
Dy =N- Mygcos® = 0 
Now, equations of motion of free body diagram of M, 


УЕ = Mogsin0 + R-p2N2 = Ма a (iii) 


. (iv) 
Now, add up М, and N, from equations (ii) and (iv) in 
equations (i) and (iv) we get, 


> Fy = № - M5gcos0 =0 


(Mj + Мэ) sin ® — (uj Mj + u5M5)g соѕ 
5 
Mı + M5 


Also from equation (i), we get, 


pa (2 2ш) MiM5gcos0 
M,+ м» 


If u, > уь, then А becomes negative, which is not possible, 
which also means that blocks will separate. 
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4. Since W = f, .... (i) 


From figure w=M xg and R- W' - М х)в 


åR 
Then fj - uR -u M- vg a} 
put the values of Wand f, in / J p 
equation (i), we get wW 
Mi = Muy ke Ww 
n ЗЕ = By & “JZ 


uL 
which gives X— (+n) 


5. From figure 





R = mgcosO 
Л. = mgsinü 
сш (ii) 
Dividing equation (ii) by (i) 
ÍL 


tan@ =“ ог tanO=p[. fr = НК] 





ог y = 
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Train Your Brain 


This exercise will give your brain the workout it needs! 





Australian Physics Olympiad Problems 


SECTION - А 


| Multiple Choice Questions with one correct answer 


1. A point particle is at.equilibrium when the net 
force on it is zero. Which of the following statements 
is/are correct? 

(a) Any object in equilibrium is at rest 

(b) An object in equilibrium is not necessarily at rest 
(c) An object at rest must be in equilibrium 

(d) Both (b) and (c) 

(e) None of the above 


2. A 100 kg skier starts from rest on top of a snowy 
hill 30 m above a io. ` ~atal patch of gravel, 
and skis down the hill into the gia«... assuming that 
the snow and air are frictionless, and that the skier's 
coefficient of friction with the gravel is 0.75, how far 
will the skier slide on the gravel before coming to a 
stop? 

(a) 400m (b) 90m 
(d) 4m (е) 40m. 


3. A large truck and a small car collide and stick 

together. Which one undergoes the larger change in 

momentum? 

(a) The car (b) The truck 

(c) The momentum change is the same for both 
vehicles 

(d) You can't tell without knowing the final velocity 
of the combined masses. 

(e) The result depends on the energy absorbed by 
the crumpling bodies of the vehicles on impact. 


(c) 900m 


4. An electric dipole with no net charge consisting of 
a positive charge bound to a negative charge separated 
by a small distance as shown in the figure below is 
placed in an external electric field. In the diagrams, the 
lines with arrows are electric field lines and the arrows 
indicate the direction of the electric field. In which 
situation is the net force on the dipole zero? 
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mes 2 

А T анага 
ee 
SSS SS ae 
Кее аа 

C. b i. | 
LECCE Aa 
Си; “eames c 

(a) A only (b) C only 

(c) A and C (d) D only 

(e) C and D 


5. Anaeroplane must accelerate to a minimum speed 
before it can take off. At this speed, the change in 
momentum of the air directed downward by the wing 
per second is equal to the gravitational force acting 
on the plane. The density of air decreases with 
increasing humidity. Which ofthe following statements 
is true? 
(a) On a humid day, the minimum take off speed is 
greater because the air density is lower. 
On a humid day, the minimum take off speed is 
lower because the water condenses on the surface 
of the aircraft, reducing its coefficient of drag. 
(c) The minimum take off speed is the same on a 
humid day as on a dry day. 
Ona dry day, the minimum take off speed is greater 
because the air density is greater. 
(e) Ona dry day, the minimum take off speed is lower 
because there is no condensation and so the 
plane's mass is lower. 


(b) 


6. A superhero standing on the ground (because 
her rocket pack is at the cleaner's) catches a 60 kg 
man falling from a height of 80 m above the ground. 
Assuming she has unlimited strength and can catch 
the man when he is 3 m above the ground(she has 
very long arms). Which of the following is closest 
to the minimum constant force she has to apply to 
the man to just stop him from reaching the ground? 
(Ignore air resistance.) 
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(a) 16000N (b) 3600N 
(c) 1600N (d) 1440N 
(e) 14400 N. 


7. Tworadio stations that are 250 m apart emit radio 

waves of wavelength 100 m. Point A is 400 m from 

both stations. Point B is 450 m from both stations. 

Point C is 400 m from one station and 450 m from the 

other. The radio stations emit in phase. Which of the 

following statements is true? 

(a) There will be constructive interference at 4 and 
B, and destructive interference at C. 

(b) There will be destructive interference at 4 and B, 
and constructive interference at C. 

(c) There will be constructive interference at 4, and 
destructive interference at B and C. 

(d) There will be constructive interference at B and 
C, and destructive interference at A. 

(e) There will be destructive interference at A, B and 
C: 


8. A guitar string is tuned to a particular pitch by 

changing the tension in the string while it is fixed at 

the ends. If a tuned guitar was (unwisely, perhaps) 
played underwater, which of the following statements 
is not always true? 

(a) The wavelength of vibration of the string would 
be the same. 

(b) The frequency of the vibration of the string would 
be reduced by the water resistance. 

(c) The frequency of the sound in the water would 
be the same as the vibrating frequency of the 
string. 

(d) The sound would travel faster in the water. 

(e) The wavelength of the sound in the water would 
be the same as the wavelength of the vibrating 
string. 


9. A possum is hanging by its tail in the back of a 
truck. The truck is decelerating at a constant rate on 
a horizontal road and the possum is hanging at an 
angle of 35? to the vertical. Which of the following 
is closest to the deceleration of the truck? 

(a) 5.6ms? (b) 6.9 ms? 

(c) 8.0 ms? (d) 14 ms? 

(e) Can't be determined from the information given. 


10. A mass m undergoing circular motion close to 
the earth's surface. The speed of the mass is constant. 
Considering only the information given and making 
no further assumptions about the system, which of 
the following statements is definitely true? 

(a) The acceleration of the mass is zero because its 
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| (b) 








speed is constant. 

The force on the mass is directed radially outward 
away from the centre of circular motion. 

The force on the mass is directed radially outwards. 
The acceleration is radially inwards towards the 
centre of circular motion. 

The energy of the mass is constant. 

Both the net force and net acceleration are radially 
inwards. 


(b) 
(c) 


(d) 
(e) 


11. An object hangs motionless from a spring. When 

the object is pulled down, the sum of the elastic 

potential energy of the spring and the gravitational 

potential energy of the object and Earth. 

(a) increases (b) decreases 

(c) stays the same 

(d) can either increase or decrease depending on the 
spring constant. 

(e) can either increase or decrease depending on the 

mass of the object. 


12. A ball, thrown from a tall building, reaches terminal 
velocity. If the action is the force of gravity on the 
ball, what is the reaction from Newton's third law? 
(a) The force of air resistance on the ball. 

The acceleration of the ball. 

The pull of the ball's mass on the Earth. 

The force of the ball on the air. 

There is no force of gravity as the ball is not 
accelerating. 


(c) 
(d) 
(e) 


13. A laser beam and a sound wave from directional 
sources both enter a liquid at an angle of 60? from 
the horizontal surface of the liquid. The speed of 
sound in the liquid is 1.8 times that of the speed of 
sound in air. For light, the refractive index ofthe liquid 
is 1.8. What happens? 

(a) The light refracts to an angle wf 74? from the 
horizontal, and the sound passes straight through. 
Both the light and the sound refract at an angle 
of 74? from the horizontal. 

The light refracts to an angle of 26? from the 
horizontal and the sound refracts to an angle of 
74? from the horizontal. 

The light refracts to an angle of 26? from the 
horizontal and the sound reflects completely off 
the surface. 

The light refracts to an angle of 74? from the 
horizontal and the sound refracts to an angle of 
26? from the horizontal. 


(с) 


(е) 


14. A soap bubble (made of clear soap) falling at a 
constant rate in the earth’s atmosphere is observed 
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by a student looking at light reflecting off the surface 
of the bubble. Under illumination by white light the 
bubble is observed to have colours that move on its 
surface as the soap film slowly flows. Over time, the 
top of the soap bubble thins as the soap film flows 
slowly under gravity to the bottom of the bubble. 
When the top of the film is 200 nm thick, it is observed 
to be yellow, showing that destructive interference 
is occurring for blue light (i.e. 400 nm). As the thickness 
at the top of the bubble approaches zero, the colour 
observed at the top of the bubble approaches 

(a) yellow (b) white (с) blue 

(d) green (е) black. 


15. An electron is placed, initially at rest, in a constant, 
uniform gravitational field and a constant, uniform 
electric field as shown in the diagram. What, 
qualitatively, is the shape of the trajectory of the 
electron? 


16. Which of the following diagrams correctly the 
gravitational field lines for a pair of masses? 





17. A satellite is in a circular orbit around Earth. Due 
to an electrical fault, the satellite explodes and breaks 
into two parts of equal mass. The velocities of the 
two fragments are in the same direction as before the 
explosion, however one fragment has a greater velocity 
than the other. 





original orbit before Fragment 2... dd 


the explosion 


Orbits after 

the explosion 

Given the following five statements: 

(i) The fragment with the greater velocity goes into 
the higher orbit. 

(ii) The fragment with the lower velocity goes into 
the higher orbit. 

At the point of the fragment's orbits opposite 
the explosion: 

(iii) Fragment ! has a lower velocity than it had 
immediately after the explosion and fragment 2 
has a greater velocity than it had immediately 
after the explosion. 

(iv) Fragment 1 has a greater velocity than it had 
immediately after the explosion and fragment 2 
has a lower velocity than it had immediately before 
the explosion. 

(v) The two fragments have the same velocity at this 
point as their respective velocities immediately 
after the collision. 

Which of the following is true? 

(a) (1) and (iii) (b) (i) and (iv) 

(c) (ii) and (iii) (d) (ii) and (iv) 

(e) (i) and (v) 


18. The diagram below shows a parallel circuit, in 
which the wires have no resistance. As more identical 
resistors are added to the circuit, the resistance between 
A and B R 
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(a) increases and approaches a finite value 

(b) increases and approaches infinity 

(c) decreases and approaches zero 

(d) decreases and approaches a non-zero value 
(e) remains the same. 


19. Two light bulbs, each of which would consume 
100 W when connected to a certain constant voltage 
power supply are now connected to the same supply 
in series. What is the total power consumed? 

(a) 50 W (b) 100 W 

(c) 200 W (d) 400 W 

(e) Not enough information is given. 


20. The light bulbs A and B in the following circuit 
are identical. When the switch is closed 


12V 





(a) nothing changes 

(b) the intensity of bulb A increases 
(c) the intensity of bulb A decreases 
(d) the intensity of bulb В increases 
(e) the intensity of bulb B decreases 


Short Answer Questions | 


21. Alix, who has a mass of 50 kg, slides from rest 

down a banister (hand rail) of a flight of stairs. The 

banister is 4.0 m long and at an angle of 30° to the 

horizontal and the coefficient of friction between Alix’s 

clothes and the banister is 0.50. 

(1) Draw a diagram showing all the forces acting on 
Alix as she slides down the banister. 

(ii) List all the forces that do work in this process. 

(iii) Describe the energy transfers (noting the forces 
causing them) that take place as Alix slides down 
the banister. 

(iv) Find Alix’s speed as she reaches the end of the 
banister. 

(v) Find the average rate at which energy is dissipated 
as heat as Alix slides down the banister. 


22. A student has measured the elastic potential 
energy stored in a spring as a function of the extension 
of the spring. The set of data is given in the table 


below. U = L Ах) where U is the potential energy, 
Ax is the extension, and & is known as the spring 
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constant. Hint: it is easier to get information from a 

straight line graph than from anything else, so you 

should think about what you should plot. 

@ Plot an appropriate graph and label your axes, 
include units and an appropriate title. 

(ii) Find the spring constant by measuring appropriate 
quantities from the graph. Give the spring constant 
in SI units (kg s?). 

(iii) Comment on any other features of your graph 
and what physical meaning they may have. 

Data : 


U(xX1) | 0.023 | 0.020 | 0.036 


meio | 10 | 20 | 25 | 30 | 35 | 4| 


23. Twelve resistors are arranged into a cube as shown 
in the figure below. All resistors have a resistance of 
6 О. A 25 V potential difference is applied from point 
A to point D. 
















(i Where y y means cd current flowing from the 
point M to the point N, use symmetry arguments 
to find the relative sizes of i4 , 5, ip > c, ic» p and 
the total current flowing from A to D. 


| (ii) Find the potential difference across each of these 


resistors. 
(iii) Find the total resistance of the cube of resistors 
from point A to point D. 


Long Answer Questions 


24. The classical Doppler shift is a well-known effect 
describing the change in observed frequency of a 
wave due to motion of the source or observer. In this 
question, you will investigate the causes of this effect. 
(a) The relationship between the frequency /, 
wavelength A and velocity v of a wave in a medium 
is given by v = fA. Consider a situation in which an 
observer is travelling at a velocity v, towards a source 
of waves, which is emitting a frequency f. In this 
case, the source is stationary with respect to the 
medium in which the wave travels. 


| (i) Drawa diagram of the situation, including a sketch 
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of the position of the crests of the emitted waves. 
(it) How many crests does the observer encounter 
during a time /? Note that at this point no actual 
numbers are required. Fractions ofa crest indicate 
the proximity to the next crest. 
(iii) Show that the frequency with which the observer 





v is the velocity of the wave. 

(b) The equation for the classical Doppler shift when 

both the source and observer are moving with respect 

vty, 

У+У; 

both the numerator and denominator corresponds 

to motion towards the other party. Note that this 

equation reduces to the formula derived in part a 

when the source is not moving with respect to the 

medium. 

(i) What happens tothe observed frequency when 
the observer is not moving? 

(ii) Is the frequency observed when a source is moving 
with velocity 4 towards a stationary observer 
the same as when an observer is moving towards 
a stationary source with velocity u? 

(iii) What happens to the observed frequency when 
the velocity of a source moving towards a 
stationary observer approaches the speed of 
sound? Explain your answer from a physical 
perspective. 

(iv) What happens to the observed frequency when 
the velocity of the observer moving away from 
a stationary source approaches the speed of 
sound? Explain your answer from a physical 
perspective. 

(c) The Doppler effect is used in hospitals to measure 
the rate of blood flow by bouncing ultrasound 
waves off red blood cells. If the blood cells are 
moving along a vein away from the transmitter, 
and the average frequency difference between 
the received and transmitted waves is 140Hz, what 
is the velocity of the blood? 


to the medium is /’=/ › where the top sign in 


emitted 
ultrasound A 
emitter wx — 
> 2 2? EX ND 
detector Blood cells in capillary 
ANSWERS | 
SECTIONA 
1. (b): If the net force is zero, the body can be in 
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static equilibrium or in a dynamic equilibrium. In the 
second case, acceleration is zero, velocity is a constant. 
(Newton's first law). 


2. (e): The potential energy Mgh of the skier is 
converted to kinetic energy at the bottom of the hill. 


Mgh = = 1м? эу” =2gh=2x10x30=600 


This is initial velocity? on the ground. ура = 0. 
-ZUME s 5 9 — 600 = -2x0.75x10xs 
m 
DUE EE 618 
--2x0.75x10 2x0.75x10 
3. (с) : The law of conservation of momentum is 
applied in collision. As the total momentum has to 
remain the same, whatever be the change in momentum 
of the truck will be equal and opposite to that of the 
car. Their magnitudes of change of momentum will 
be the same. 


=40 ш. 


4. (e): There will be a net force on a dipole together 
with a torque if the field is non-uniform. But in a 
uniform field, the net force is zero as the force Eq is 
the same for both +q as well as —g, but there is no 
torque if the dipole is parallel to the field. In (D) one 
has no force but a torque. Therefore for (C) and (D) 
there is no force. 


5. (a): As humid air has less density, the upward 
thrust will be less, The speed for taking off is greater. 
6. (a): The kinetic energy on reaching the ground 
would have been equal to its maximum potential energy, 
Mgh = 60 x 10 x 80. This has to nullified by a force 
applied by the superwoman in 3 metre. 

ie. Fx3260x10x802» Е 216000 N. 


7. (a): 


Sem AW. Y À 
constructive interference and if it is (enm one 


If the path difference is nA, one will have 


will have destructive interference. 


*0, 
2 
woe 
Path difference is zero. .. It has constructive 


interference. 
Same for B, 450 m - 450 m= 0. 


100 


Path difference - (450—400) m - — 


Nj 


There is destructive interference. 
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8. (e) : For a given string, the wavelength is the 
same. The velocity, frequency and wavelength are 
fixed for a given string of the same tension and length. 
When waves pass from one medium to another, 
frequency is the same. But, as the velocity of waves 
in water is very high, the wavelength will be larger 
in liquid. 

The effect of damping is to reduce amplitude of the 
waves produced by the string and if damping is not 
small, its frequency also will be reduced. 

(e) is the statement which is snot true always. 


9. (b): 


v 





(opposite the 


тё | deceleration) () 
(a) 
tan35°= T =. a = g tan35° = 10 tan 35° = 7.0 m/s? 
s ~ 6.9 m/s? 


For circular motion taking the inertial frame, one takes 
centripetal force where one assumes the force and 
the acceleration is always acting towards the centre. 
As given by Resnick and Halliday”, it is equally 
correct to take the reference frame of the body revolving 
round. In that case, at every instant, the centripetal 
force towards the centre is cancelled by the centrifugal 
force. Both are correct according to reference(1). 
However as the reason for continued rotation is the 
law of conservation of angular momentum, taking 
the centripetal and centrifugal force for the body is 
more logical. 

(e) is the choice according to inertial frame but according 
to our choice. 

(a) The net acceleration ofthe mass is zero. In uniform 
motion, neither tangential velocity nor angular velocity 
changes. 


10. 


(b) is not correct. The outward and inward forces are | 


acting on the body towards and away from the centre. 
The centrifugal force does not act on the centre but 
on the revolving body. 
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(c) is only partially correct. 

This question is based on inertial frame, hence the 
text-book answers are given. 

(1) Resnick, Haliday and Krane - Physics, V Edn. Vol.1. 
(2) Krishnan, T.V., Beyond the Barriers (Extn. Lectures 
in Physics). 

11. (a): 


kl 


t ^ 


9 = 


] 
Potential energy of the spring is pai The potential 


energy of the spring increases. The loss of potential 
energy by decrease in height is more than compensated 
by the spring. That is why it is pulled back. 


12. While a ball that is falling down freely through 
a viscous medium or air, the earth is applying a force 
on the mass making it fall down, although the 
acceleration can be cancelled by the viscosity of the 
air. But to say that an equal force is acting on the 
earth by the mass may not be exact. Certain conditions 
have to be satisfied before action is equal to reaction. 


smi _ velocity of wave in air 


дырт siny velocity of wave in the medium 
i is the angle of incidence, 
30? (as i = 90 — 60°). 
u 1.8 for 
sin30° 

sinr 
Speed of sound in liquid is 
1.8 times that in air. 


light. 
=1.8 








Vai 1 
ar. = — <l.. 
1.8, — 18 

90? — 26? = 64? - with the horizontal, 26° is for sound 
wave. 

90° — 74° = 16? · and 74? for light. 

14. (e) : When the path difference due to the soap 
film is zero, the phase difference due to reflection is 
x/2. There is destructive interference. 





rl. 


^^ B ваша = 


15. (d) : Both electric and gravitational fields accelerate 
the electron. the acceleration due to the electric field 
is opposite the direction ofthe field because the electron 
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is negatively charged. 


16. (c) : The field lines show the direction of force 
on a small test mass. The gravitational force is attractive 
hence for masses, gravitational field lines always point 
in towards the mass. 


17. (b) : This is an application of energy for orbits 
(or Kepler's laws) and conservation of momentum. 


18. (c) : Resistors in parallel give multiple paths for 
current, hence adding more resistors in parallel gives 
a decreasing total resistance. 


19. (a) : When the bulbs are connected in series only 
the half the current flows as compared to the current 
through each bulb when they are connected either 
in parallel or individually. Power is proportional to 
current, hence the power is 1/2 that a single bulb. 





— 24V 


x 3 G 
20. (a): $i 
zn ч |. 
р C 


E 
Loop ABCDA 
br + br = 24 V 
= potential difference across GD = 12 V. 


E i, 
Taking loop GDEF, (і, + ir + 12 V = 0 
=> (0 +i)r=12V. 
Across GD there is no change. 


21. (i) 


F, normal force 





, F, gravitational 


force 
(ii) The gravitational force and the frictional force 
do work in this process. (The work done by one is 
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negative relative to the other). 
(iii) At the top of the banister Alix is at rest and so 
has only gravitational potential energy. As she slides 
down the banister, this is converted into kinetic energy 
by the gravitational force. Some of this kinetic energy 
is converted into heat energy by the frictional force. 
(iv) Let m — Alix's mass, a — Alix's acceleration, 
u = Alix's initial velocity, v = Alix’s final velocity, 
F, = force parallel to banister, g = acceleration due 
to gravity, р, = coefficient of friction, № = rate of 
energy dissipation, W,— work done by frictional force, 
t = time taken down banister 

У Б =ma 

(Е), — Fy = ma 

mgsinO – Е, = ma 

mgsinO — рутесоѕ9 = ma 
Hence, a = g(sinO — u,cos0) or a = 0.66 ms”. 
Using the standard kinematics equation; 


у = и? + 2а5 or v-42gs(sinO – u, cos0) 
у= 2.3 m/s. 
(v) Total energy lost as heat = work done by frictional 


force 
R=— 
t 
W,= Fps; W;= u,mgs cos0 
W,= 850 J. 


Using standard kinematics equation; 


1 2 S 
s=ut+—at or ѓ= 
2 Va 


ey er ae den 
g(sin0 — p, cos0) 


J2(sin0 — ц, cos0) 


Therefore, R = mgs(sin Ө — р, cos0) A 
5 


3 


or, к= m [Ë (ein, cosy = 38 W. 


(Note : as the equation did not specify time rate of 
energy dissipation, i.e. power, answers in terms of 
rate per unit distance travelled were also accepted 
where correct). 


22. (i) An appropriate graph in this case is U vs (Ax), 


| from which the gradient can be found, and the k can 


be found from the gradient. (The question also gave 
the hint that a straight line graph is a good idea). A 
graph of U vs x gives a parabola, which is not a useful 
curve for finding Л. 
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Potential Energy vs Extension squared 






J) 


Potential energy 


= 16 square cm 


Oe 2 УО oman 10 a2 


14 
Extension squared (square cm) 


16 18 


(ii) The slope is m 


from the graph by measuring the rise over the run of 
the line of best fit. This is shown in the graph. 


From the graph rise = 0.095 J and run = 16 cm’, these 
values give k= 1.2 x 10? kgm? s? cm. 
After converting to S.I. units, remembering 1 m= 100 cm, 
the value for the spring constant is found to be 
k=1.2 x 10? kg s”. 
(iii) The other features of note are the fact that the 
line of best fit does not pass through the origin and 
the points and scattered with the two points at 
(Ах)? = 1 not measured to have the same potential 
energy. 
The reason for the line of best fit not passing through 
the origin it that for some reason the potential energy 
of the spring was not measured to be zero when it 
was zero. This is an example of a systematic error in 
data. It is not a real effect in this case. 
The second feature to note is that the points are 
scattered about the line, and also that the two points 
at (Ax)? = 1 were not measured to have the same 


1 
5k . The slope may be measured | 











potential energy. The explanation of this is random | 


errors in the measurements. This can be used to get 


an estimate of the uncertainty in the slope and so | 


the uncertainty in the value of the spring constant 
measured. 


23. (i) Showing the currents. 
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We first note that by symmetry, the current іг into 

the node A must split evenly down the three identical 
1. 

paths, so we have i, _, в — P. 

Next we see that B, the current again splits down the 

two identical pathways, so we have 

| 1 


їв-›с = F AB n 


1 
178 
We note that by conservation of current/Kirchhoff's 
junction law the total current in is the same as the 
total current out, and so by similar reasoning to that 


for node A, the three currents coming into node D 


must sum to іу, giving us that іс ур = іг 
3 


| Finally, using the relationships we have derived, we 


have that ir = 3i, , g= 6i , ¢ = зісу p Which gives 
the relative sizes of the currents as required. 
(ii) We shall first consider Ohm's law which tells us 
that 

V, g^ шв Ка зв 

Рв ус т. lg 4C ^B» C 

Ve=ic+4pRe+n 
In addition we see that since all resistors have the 
same value R, and using the results from the previous 
part of the question, all of the potentials can be written 
in terms of V, _, в as follows. 


| 
V> c= 2/498 and Vonn -V,,5 


Now since we know the potential across the entire 
structure, and the three potentials above are across 
a path from A to D, we must have 

Vr =ЁЎл-›в + Ув-›с + Усэр 
Combining the results 


1 
Vr = Ид ув + 2 V,s»ptV4sB 


5 7 
So we have Иг = >" 4-48 


Now, Иг = 25 V and so 25 У = 3l» 


| Hence V,., = 10 V, V; „c= 5 Vand Vc, p= 10У. 





(iii) To find the total resistance, we once again appeal 
to Ohm’s law to get Ит = iz Rr. All that remains is to 
find the total current. Here we exploit results from 
part (i) and (ii) and use the fact that R = 6 О. 


is 
Pied gtk 


| 1 
Hence, 10 V = =i, x6 > же eee 
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and finally Ry xe us 5Q0. 
ir SA 
SECTION C 


24. (a) (i) Ox «RR A A 
observer ll \ S й, 


(ii) In a time ¢ the observer travels a distance 
X, = Vot, and any given wave crest travels a distance 
x = vt, so relative to any given crest the distance 
travelled is x + x, = (v, + v)t. 

The number of wavelengths encountered in this time 
is 

Xxtx _ (У, ФУ) 
UNE ques 
(iii) The observed frequency is the number of crests 
(vv (у, +у) 
QE 
/ vaty) 2 mu 


per unit time, /'= and putting in 


) = vif, we get f= 
vty, 
VEY, 





(b) G) Using /'=/ 





When v, > 0, J =f 
VEY, 


and any frequency shift is due only to the source 
velocity. 





(ii) Source moving at vy = и: f'=f 
У-и 


v+u 





Observer moving at v, =u: f'=f 
v 

These are not the same (expect in limit as и — 0), the 

shift is greater for a moving source. 

(iii) If v, — v and v, = 0 and the motion is towards the 

observer, then the frequency gets very large, but at 





=o but in fact the 
frequency is zero Бесе ће source reaches the 
observer at the same time as the first crest, and if 
v, > v the sound is only heard after the source has 
passed. (You will also get bunching of the wavefronts 
resulting in sonic boom). 

(iv) If v, > v and v, = 0 and the motion is away from 
the source, then the frequency gets very small, and 
is zero if v, = v, if v, > v then the frequency is again 
heard low, and increases as the observer catches up 
and overtakes the crests. 
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(c) The frequency received by the cell is 


v= 
Ла 


and then the received frequency with the cell acting 


Soe 
1l 


So the received frequency related to the emitted 
У-У 


= f cell 


V+ Усе 


We can relate this to the frequency difference: 


Af = fee =F =f 
Ver Усер 
апа then some rearranging to get 
Af y 7 Уша 


fo V+ Veen 


as the source is Дес 


frequency is Лес 


Y — Voell 


_ 72Veatt 





que 


At 
So =v i Veen) = = -2y, cell 


and finally Усе — ы 
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1. A straight 
wire lies along a 
body diagonal of 
an imaginary cube 
of side a = 40 cm, 
and carries a 
current of 9 A. Find 
the force on it due 


to a uniform field 
B-03j T. 





x* 


2. A rod has total charge Q uniformly distributed 
along its length L. If the rod rotates with the angular 


velocity @ about its ends, find its magnetic moment. | ^ 


3. A particle of 
charge +q and mass 
m moving ina uniform 


electric field E = Ei 
and a uniform 
magnetic field Bk 
follows a trajectory as 
shown in figure. The 

velocity of particle at 2 








points M and № are vi and —2vj respectively and | 
ON = 2d. Find (i) the magnitude of electric field E. (ii) | 
The rate of work done by the electric field E at points 

M and N. | 


4. The current loop 
MNPQSM formed by two 
circular segments of radii R, 
and R, carries a current J 
ampere. 








(i) Find the magnetic field at the common centre O. 


| 1. Since F-Il xB, we have | =ai 








Ву. Prof. R.S. Randhawa* 


| (ii) What will be the magnetic field if the angle 
6 = 90°? 


5. A hexagonal loop of a metallic wire is of each 
side / and carrying а current /. Find the magnitude 
of magnetic field at the centre of the loop. 


SOLUTIONS 


-aj +ak 
where a is the projection of the length in the three 


| directions. 


Е = IBa (i — j - k) x(j) : (k -i)IBa 

The magnitude of force in the y-z plane, 
F-421Ba ог Е = 4/2 х9х0.3х0.4 -1.53 М. 
2. Тһе current 47 





due to rotation of ће etes кы ож. 
| charge is nd Lii uec 
{ i^ dz. 
quc 9 rer war ^" — dq- MI 
T 2n/o 2n 


| The magnetic moment due to small element is 


(o 2 1 еу 2 
ам = а (area) = | z-Àdl п = Гаї 
UE 2 


L а 3 
S Aa hol? 
Total magnetic moment, M == [Pat - vem 


ü 


Owl? 


or, M= e (by using А = Q/L) 


3. y Using Fu energy theorem, 


gno»! -1 m? =W 
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(ii) Now, rate of the work done by the electric field 
at M= Fv (С Ө = 0°, cos0 = 1) 





amv! -(gE)2d) or E= 


mv 
c (qE) Map = 3T 


Similarly, at point N, rate of work done by the electric 
field = Ру cos90° = 0. 

4. (i) Total magnetic field at O due to part NP given 
by Biot-Savart’s law as 


В, = bolded) sin90° (using Xd! = arc = Кб) 
4nRy 

_ Ho 18 

"4n Р, 
(perpendicular to plane and directed downwards) 
Similarly, magnetic field at O due to segment MSQ is 
Ш Z(21 -0) 
4л R 

(perpendicular to plane and directed downwards) 

Now, magnetic field due to segment MN and PO = 0 


В, = 


Total magnetic field at O is В = В, + В, 


_ Hol ,Q1-9 –0) 
4n p. К, 


(Directed downward into the plane of paper) 


Gi) 170 90° = 1/2, then p 000-1 , 3 
SIR RV 


5. Total magnetic field 
at O is B = 6B' 

where B' = magnetic field 
at O due to each side of 
hexagonal is same. 





B' = Pe! sin 30° +sin30°] 
4nr 


43 1/2 
(In AOMN, r = cud , . tan30? = mo 


, Bol 2.2 Wol 
Anl 43 2 ЭЗ 


абы) т 





Lol 
2nlV3 


В =6B' = 6х ———- 
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Solved Paper 


Bihar CECE (Mains) 2007 





1. At what height above the earth's surface does the 
force of gravity decrease by 10%? The radius of earth 
is 6370 km. 


2. A helicopter ascends with a velocity 10 m/s. At a 
height of 50 m, a heavy body is dropped from it. With 
what velocity does this body reach the ground? 


3. An elastic spring whose length J) = 30 cm is 
compressed to / = 22 cm. Find the potential energy of 
the compressed spring if the force F = 0.5 MN/cm is 
required to reduce its length by unity. 


4. А stone attached to a rope of length / = 80 cm is 
rotated in a vertical plane with a speed 240 rpm. At the 
moment when the velocity of the stone is directed 
vertically upwards, the rope ruptures. To what height 
does the stone rise? 


5. A balloon of volume 4000 m? is filled with helium 
of density 0.18 kg/m?. The total mass of the balloon 
and equipment is 3 tonnes. At an altitude where the density 
of air is 1.2 kg/m?, helium completely fills the balloon. 
Find the maximum mass of the load that can be lifted 
by the balloon. 


6. А copper and a tungsten plates having a thickness 
of 2 mm each are joined together so that at 0°C they 
form a flat bimetallic plate. Find the average radius of 
curvature of this plate at 200°C. The coefficients of linear 
expansion for copper and tungsten are 1.7 x 105 K~? 
and 0.4 x 105 К-!. 


7. lOgoficeis added in 40 р of water at 15°C. Calculate 
the temperature of the mixture. 


8. A solid cylinder is attached 
toa horizontal massless spring 
so that it can roll without 
slipping along a horizontal 
surface. If the cylinder is slightly displaced and released, 
then find the time period of the simple harmonic motion. 


777777777777777777777 ` 








9. А resonance tube is resonated with tuning fork of 
frequency 256 Hz. If the length of resonating air columns 
are 32 cmand 100 cm, then calculate the end correction. 


10. 3 mole of an p 
ideal monoatomic 
gas perform a cycle 
shown in figure. 
The gas temperature 
are T, = 400 K, 
Tp = 1200 K. Find 
the work done by the gas. 





11. Find the speed of sound in a mixture of 1 mole of 
He and 2 mole of O, at 27°C. 


12. A ring has charge О and radius R. If a charge q is 
placed at its center, then calculate the increase in tension 
in the ring. 


13. A resistance R = 1980 Q is connected in series with 
a voltmeter after which the scale division becomes 
100 times larger. Determine the resistance of the voltmeter. 


14. Large number of capacitors of rating 10 uF, 200 V 
are available. Calculate the minimum number of 
capacitors to design а 10 uF, 700 V capacitor. 


15. Calculate the current in 10 Q resistance. 
3V| 2Q 


10 Q 


16. In the figure, light is incident 


— 
on the thin lens as shown. Each Т ine 
surface has radius R. Find the focal — al 

— 


length of the system in terms of p, 
Ш, H3 and R. 


Contributed by : Paradise Institute, Н.О. : Arya Kumar Road, Rajendra Nagar, Patna - 16 
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17. A Young’s double slit experiment is performed using 
light of wavelength 500 nm, which emerges in phase 
from two slits a distance 3 x 10? cm apart. A transparent 
sheet of thickness 1.5 x 10? cm is placed over one of 
the slits. The refractive index of the material ofthis sheet 
is 1.17. Where does the central maximum of the 
interference pattern now appear? 


18. The wavelength of the first line of Lyman series 1s 
102 nm. Calculate the wavelength of H, line of Balmer 
series. 


19. A nucleus with mass number 220 initially emits 
a-particle. If the Q-value of the reaction is 5.5 MeV, 
calculate the kinetic energy of o-particle. 


20. 2°8Ra has half-life 120 days. Find the amount of 
208Ra if the activity level is one millicurie. 


SOLUTIONS 


1 G Т=ос— 108 = Э: 
ck: N- 
As for an external point earth behaves as whole of its 
GM 
mass is concentrated at the centre, i.e., 8 = —-. 
r 


(M 
So at the surface of earth, g = F [asr =R] 


And at the height h above the surface of earth, 








g- za [Asr=R+h] 
(R+hy 
t R? 
ae = 12, g'=—2— ^ 2) 
g (R«h) | (| 
1+ = 
R 
ле g 
From equation (i), ,.5 = БҮР 
iu A 
1+| — 
«(9 
LA De he. ICM 
R W9 R V9 


On putting numerical values, we get 
fio 
hz ш —1|6370 = 344.56 km. 


2. From 3: equation of motion, 


34 














v? =u? *2a.s 


=> v =v +2gH, 


v= м +2gH 


On putting numerical values, 
we get А 
= 102 + 2(9.8)(50) =32.86 m/sec. 
3. Given, lọ = 30 cm = 0.3 m, 2 = 22 cm = 0.22 m 


0.5 х10° 
and F = 0.5 MN/cm = 1/100 


Potential energy of compressed spring is given by 


1 v, = 10 m/s 
О 


H=50m 


= 0.5x108 


= ee lpg, -D 
2 2 
On putting numerical values, we get 


U -iQs x10°)(0.30 — 0.22)? = 1.6 х10 J.` 





4. Given l= 80 ст = 0.8 m, 


Velocity of stone at point i H 

A when the velocity of y 

stone is directed vertically 

upward is given by o ; y — Nb 
c ca 


v-cal-2mnnl \ 
From conservation of 
mechanical energy, Е; = Ez 
1 EN 2. 
ту? =теН, Н =~ uar. 
2 2 2g g 


On putting numerical values, we get 
2(10)(4)? (0.8) 
н=2 we 8) 


2p 2 





=2048m 





5. Let m be the mass of load that can be lifted by balloon. 
Оњ Vg + Mg + mg = Pair Vg 
m= (Pair ii Pre) — M 
= (1.2 — 0.18)4000 — 3000 = 1080 kg. 








Foy = 1 + Ocul) 
hg = 1 + gt) 
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е 7798 Se m)l aii) 
H3 JR Hs Gee 
—. vapression for the focal length. If R; = А, we 
get [Put R; = А, =R in (iJ 
с hich is independent of 
== > Which 1s independent of и 
f Ta p 2. 
17. à= 5 x EMT х 10-7 m, и = 1.17 
1518102 xe A с 
d 
A Dt 
Angular shifting 8 = ES oa d ) 
117-145. x107 0. 
wide nt a= 0,085 radian. 
3x10 2 





18. For Lyman series for the first line, 
Ks t _ 1] ЗК 
le CA] 4 4 S 
For Balmer series (Н, line) 











1 C 1) 5R ^ 
|а а 
da X4 07 35 Q) 
AU: tomm a 53.96 027 
ividing eqn. (1) by (и), E Ws ls 
=> э = ig eT 5102 nm = 550.8 nm 
19. ТОУ,” Теза] Уу 
Уд 7 216v, = у, = у/54 o @) 


1 [> 
=тоув, + туур =5.5 MeV 


1 


1 v2 
=> =(4m)v2 +—(216m)— = 5.5 х106 x107!9 J 
> wa z( m x10? х 


where m is the mass of 1 atomic mass unit. 
2mvg + 2mvy = 5.5 х 10713 J 





= 4ту = 5.5 х 10-13 J 
, 55x10 3 | 55x10? 
=> f = —— — as 
i 4m ү4х1.67 x1077 
= 9.07 x 1012 m/s. 
0.6 ? : 
20. AL 93 = 0.693 ® 0.693 
1/2 120 days 120x24x3600 
Activity = AN 
igi ie. 10 
› _ Activity _ 1x10 x3.7 x10 255х104 
A 0.693 
120 x 24 x 3600 


Amount = (5.5 x 10!4)(208 x 1.67 х 10727) kg 
= 1.9х 1070 kg = 1.9 x 107 g 
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a, MCQ's 





Who сап participate 
if you have taken any of the exams given below 
and possess plenty of grey cells, photographic 
memory thenyou are the right candidate for this 
contest. All you have to do is write down as 
many questions (with all choices) you can 
remember, neatly on a paper with name of the 


exam, your name, address, 
photograph and mail them tous. 
The exams 
PMT : AFMC, BHU, AIIMS, JIPMER, Delhi PMT, 
H.P., WB JEE, Punjab, Haryana CET, Safdarjung 
VMMC, CMC Vellore, Maharashtra CET, U.P. 
CPMT, Orissa JEE, M.P.PMT ..... 
Engineering : DCE, UPSEE, Haryana CEE, MP 
PET, J & K CET, AMU, WB JEE, Bihar CECE, 
Jharkhand CECE, Orissa JEE, Maharashtra CET, 
Punjab РЕТ, .... 
The Benefits — ~=- 
Plenty! Each complete question with answer 
will make you richer by Rs. 5*/- More the | 
questions, the merrier it will be. We will make | 
you famous by publishing your name (photo if 
possible). Also you can derive psychological 
satisfaction from the fact that your questions 
willbenefitthousands of readers. 
and lastly the pitfalls | 
Don't send incomplete question. Our panel of 
experts will cross-check your questions. You 
have to send it within a month of giving the 
particular exam. 
Mailto: TheEditor, MTG, 406, TajApt., Ring Road, 
Near Safdarjung Hospital, New Delhi- 29. 
Tel.:(011) 26194317, 26191601. 


age, your 


| 





* Conditions apply 


обой 


Payment will be made after the MCOsare published. 

Kindly note that each question should be complete. 

Payment willbe made оту for complete questions. 

Preference will be -given to the reader sending the maximum complete 
and corect questions. Other conditions apply. The decision: of the Editor, 
MTG shall ba final and binding. 
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Thought Provoking Problems ^. 


1. A point P moves uniformly with a velocity u in 
such a way that the direction of its velocity continually 
points at another point О, which in turn moves along 
a straight line with a uniform velocity и” (u^ < u). At 
the initial moment и and н” are perpendicular to each 
other and points are separated by a distance d. How 
soon will the points meet? 


2. Aballis thrown from the ground towards a wall of 
height h with a speed v at an angle Ө to the horizontal. 
Show that the ball must be thrown from a point distant 


(у? sin? 0 + 2v cos eJ v^ sin? 0- 2gh) 
2g 
the wall in order that 1t may just clear it. 





from the foot of 


3. Asmooth frictionless track 4B 
making an angle $ with the vertical 
1s made between the highest point 
А at any other point B of a vertical 
circle of radius r. Let a particle to 
start from 4 with a velocity v. 
(a) Calculate the time taken by it to reach B 
(b) What happens if v = 0? 





4. Aballrolls offthe top of a stairway with a horizontal 
velocity v ms !. If the steps are H metre high and 
b metre wide, show that the ball will hit the edge of the 
n^ step if n= i 
E 





5. A ball falls for 6 sec under gravity. It passes through 
a cardboard, such that its velocity is reduced to one- 
third. After passing through the cardboard 1t reaches 
the ground in 2 sec. What is the height ofthe cardboard 
above the ground? 








t 


^. s 
Nr 


f 
A 
М, 


~\ 


= By : Prof. R.S. Randhawa* 


SOLUTIONS 3 








SIUS —» и 
d d 
1 u 
11 
P 
at f= 0 а! Г 


The relative velocity of approach of Р towards О 18 
(и — u'cosa). 
The points P and O will meet after a time T if 


T 


| (t -u'cosa) dt =d (a) 
0 
T 
and fucosa dt 2u'T zi: (и) 
0 
Eqn. (1) gives 
А 
uT -u' |cosadt = а s (in) 
0 
and egn. (11) gives 
: Т ; 
[cosadt = = „. (у) 


Put eq. (iv) пед. (11), we get 
uT == 4 =d 


Hu 


(i2 — н?)Т = ud 





Randhawa nstitute of Physics, S.C.O. 208, First Floor Sector-36D, Chandigarh. Ph.: 0172-2620699, Mobile : 9814527699 
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2. Time taken to cover a horizontal distance R ts 


К R 
С cos 
1 РУ ERTA 
y = (уѕт Ө) ; а 
D l усо$50/ 2° \ycos8/ 
The ball will be just able to clear the wall if 
2 
h= КїапӨ - ER 
Зу” соѕ Ө 


Solving it we get 
gR? — (v? sin20)R + (2h cos? 0) = 0 
On solving the quadratic equation, we get 


і ur н ү 
ВЁ=—(у°зїп*Ө Е 2veosOalv? sin? 0 -2gh). 
28 


3. (а) From figure, AC = rcosQ. О AB- 2ғс05ф 
Acceleration of the particle down the track = рсоѕф 


If ¢ is the time taken by the particle to go down the 


track, 
l ^ 
2rcosQ = vt +--(gcoso)t~ 


gcosor  2vt – 4rcosd = 0 
On solving the quadratic equation, we get 


EU +уу? +4ге соз” ф 
gcosh ‘ 


J 4rg cos? ф [ 
E = = = we Se = 2 | 
(b) If v= 0, t= 1 fu Ve 
This is independent of o. 





fly 3 {п step 
= 
t a 
nb = yt and nH = 0+- 27 
Eliminating ¢ between these two equations. we get 
\2 
(тү | 


nll = co 


nH – T 





| Velocity after passing through the cardboard is 
ИЛ =" xv = 19.6 m/s. 
| 


Since v^wt + zat 


(19.6)2) + L(osQy- 58.8 m. 





over others 


HARSH PAREEK is the new kid on the block. Mumbai s 
top scorer in the joint entrance exam (JEE), he does not: 
quite behave like he s conquered the world. · |. worked | 
hard „is all that the 17 year old, who is also all-India rank 
8, can bring himself to say. The shy teenager looked 
awkward as his parents, friends and teachers gathered 
round to celebrate his achievement. 
The Mumbai lad has much to be proud about, apart from | 
his scores in JEE. Recently, he was selected to participate 
in the International Physics Olympiad. A student of Sathaye 
College and the son of a doctor, the Andheri lad fias 
been interested in Physics since he wasa boy ft 
probably gave him an edge over others in the JEE, | 
he thinks. Keen to pursue computer engineering from | 
IIT- Bombay, Harsh said he enjoys nothing more than 
| working all day on the computer. Speaking about his 
preparations for the JEE, Harsh said hed undergone 
extensive training at a local coaching institute. 
Along with Harsh, over 2,000 students in the western zone 
comprising Maharashtra, Rajasthan, Goa, Guirat, parts of 
Madhya Pradesh and Karnataka made it through the JEE 
this year. IIT-Bombay zone clearly had an edge over its 
counterparts, mainly due to coaching facilities in centres 
such as Kota. Strangely, the number of applicants from this 
zone had dropped but the number of successful candidates 
has gone up dramatically. 
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Train Your Brain 


This exercise will give your brain the workout it needs! 





American Physics Olympiad Problems 





1. Starting from “т 
rest at time t = 0, 
a car moves in a 
straight line with Э 
an acceleration 
given by the 
accompanying 
graph. Whatis the Я 

speed of the car at l 

t-35s? 0 

(a) 1.0 m/s О 1 02" 53. E 56 
(b) 2.0 m/s (c) 6.0 m/s (d) 10.5 m/s (e) 12.5 m/s 


2. A flare ıs dropped from a plane flying over level 
ground at a velocity of 70 m/s in the horizontal direction. 
At the instant the flare is released, the plane begins to 
accelerate horizontally at 0.75 m/s?. The flare takes 
4.0 s to reach the ground. Assume air resistance is 
negligible. Relative to a spot directly under the flare 
at release, the flare lands 

(a) directly on the spot. 

(b) 6.0 m in front of the spot. 

(c) 274 m in front of the spot. 

(d) 280 m in front of the spot. 

(e) 286 m in front of the spot. 


tins 


3. As seen by the pilot of the plane (in question 2) 
and measured relative to a spot directly under the plane 
when the flare lands, the flare lands 

(a) 286 m behind the plane. 

(b) 6.0 m behind the plane. 

(c) directly under the plane. 

(d) 12 m in front of the plane. 

(e) 274 m in front of the plane 


4. А force Fis used to hold 
a block of mass m on an incline 
as shown in the diagram. The 
plane makes an angle of 0 
with the horizontal and F 
is perpendicular to the 
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plane. The coefficient of friction between the plane 
and the block is u. What is the minimum force, F, 
necessary to keep the block at rest? 

(a) umg (b) mgcosO 

(c) mgsinO (d) (mg/u)sino 

(e) (mg/u)( sinO — ucos® ) 

5. Youhold a rubber ball in your hand. The Newton's 
third law companion force to the force of gravity on 
the ball is the force exerted bv the 

(a) ball on the earth (b) ball on the hand 

(c) hand on the ball (d) earth on the ball 

(e) earth on your hand 


6. A ball of mass m is fastened to a string. The ball 
swings in a vertical circle of radius R with the other 
end of the string held fixed. Neglecting air resistance, 
the difference between the string's tension at the bottom 
of the circle and at the top of the circle is 


(a) mg (b) 2mg (c) 4mg (d) 6mg 
(e) 8mg 

7. Threeair 7 

shown in the 

accompanying z di үз 


figure, all have the same mass т. Cars 2 and 3 аге 
initially at rest. Car 1 is moving to the right with speed 
v. Car 1 collides with car 2 and sticks to it. The 1-2 
combination collides elastically with car 3. Which of 
the following 1s most nearly the final speed of car 3? 
(a) 017» (b) 0.50v (c) 0.67v (d) 0.80v 
(e) 1.0v 


8. A point object of mass 2m is attached to one end 
of a rigid rod of negligible mass and length L. The rod 
is initially at rest but free to rotate about a fixed axis 
perpendicular to the rod and passing through its other 
end (see figure). A second point object with mass m 
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and initial speed v collides and sticks 

to the 2m object. What is the 

tangential speed v, of the object 
immediately after the collision? 

(a) v/3 L 
(b) v/2 


(c) v/43 
(d) v/42 
(е) 2v/43 a s 


9. Two artificial satellites I and II have circular orbits 
of radii R and 2R, respectively, about the same planet. 
The orbital velocity of satellite 115 v. What is the orbital 
velocity of satellite II? 


(a) v2 Ф) v42 (d) v2 


(e) 2v. 


(c) v 


10. The gravitational acceleration on the surface of 
the moon is 1.6 m/s?. The radius of the moon is 
1.7 x 106 m. The period of a satellite placed in a low 
circular orbit about the moon is most nearly 

(a) 1.0 x 103s (b) 65 х 10° s 

(с) L1x 106 s (d) 5.0 x 106 s 

(e) 7.1 x 10? s 


11. A uniform ladder of length L rests 
against a smooth frictionless wall. The 
floor is rough and the coefficient of 
static friction between the floor and L 
ladder is и. When the ladder is 
positioned at angle 0, as shown in the 
diagram, it is just about to slip. What 


is Ө? 

(a) 07 WwL (b) tanO = 2u 
(c) tanO = 1/2u (d) sin0 = 1/u 
(e) cos0 = p. 


12. Three objects, all of mass M, are released 
simultaneously from the top of an inclined plane of 
height H. The objects are described as follows: 

I. a cube of side R. 

П. a solid cylinder of radius К 

Ш. a hollow cylinder of radius R 

Assume the cylinders roll down the plane without 
slipping and the cube slides down the plane without 
friction. Which object(s) reach(es) the bottom of the 
plane first? 
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(a) I (b) II (d) I & II 


(e) II & III 


(c) Ш 


13. A massless 
rod of length 2R 
can rotate about a 
vertical axis 
through its center 
as shown in the 
diagram. The 
system rotates at 
an angular velocity œw when the two masses m are a 
distance R from the axis. The masses are simultaneously 
pulled to a distance of R/2 from the axis by a force 
directed along the rod. What is the new angular velocity 
of the system? 

(а) 0/4 (b) 0/2 
(е) 40 





(с) @ (d) 20 


14. A meter stick moves with a velocity of 0.60c relative 
to an observer. The observer measures the length of 
the meter stick to be L. Which of the following statements 
is always true? 


(a) L=060m (b) L=0.80 m 
(c) L2 0.20 m (d) L = 1.00 m 
(e) L = 0.40 m 


15. A glowing ember (hot piece of charcoal) radiates 
power P in watts at an absolute temperature T. When 
the temperature of the ember has decreased to 7/2, the 
power it radiates is most nearly 


(a) P (b) P/2 (c) P/4 (d) P/8 
(e) P/16 
16. Three processes 


compose a thermo-dynamic 
cycle as shown in the PV 
diagram of an ideal gas. 
Process 12 takes place 
at constant temperature 
(300 K). During this 
process 60 J of heat enters 
the system. Process 2-93 V 
takes place at constant volume. During this process 
40 J of heat leaves the system. Process 3-1 is adiabatic. 
Т, 1s 275 К. What is the change in internal energy of 
the system during process 31? 
(а) 403 (b) 20J (00 
(e) +40 J. 





(d) +207 
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17. What is the change in entropy of the system described 
in Question 16 during the proczss 3-1? 


(a) +5.0 K/J (b) +0.20 J/K 
(c) 0 (d) -1.6 JK 
(e) -6.9 К/Т 


18. A wave is described by the equation: 

v(x,f) — 0.030 ѕп(5пх + 470) where x and y are 
in metre and / is in second. The +x direction is to the 
right. What 1s the velocity of the wave? 

(a) 0.80 m/s to the left (b) 1.25 m/s to the left 
(c) 0.127 m/s to the right 

(d) 0.80 m/s to the right 

(e) 1.25 m/s to the right 





Two sources, in phase and a distance d apart, each emit | 
a wave of wavelength X . See figure. Which of the 
choices for the path difference AL = L, – L, will always 
produce destructive interference at point P? 

(а) dsinO (b) x/L, (c) Ld (0) А2 

(e) 2 А 


20. You are given two lenses, a converging lens with 
focal length + 10 cm and a diverging lens with focal 
length — 20 cm. Which of the following would produce 
a virtual image that is larger than the object? 

(a) Placing the object 5 cm from the converging lens. | 
(b) Placing the object 15 cm from the converging lens. 
(c) Placing the object 25 cm from the converging lens. 
(d) Placing the object 15 cm from the diverging lens. 
(e) Placing the object 25 cm from the diverging lens. 


21. You are given two identical 
plano-convex lenses, one of which 
is shown to the right. When you 
place an object 20 cm to the left 
of a single plano-convex lens, the 
image appears 40 cm to the right 





of the lens. You then arrange the 
two plano-convex lenses back to 
back to form a double convex lens. 


Doubie 
Convex 


Plano- 
convex 
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If the object is 20 cm to the left of this new lens, what 
is the .pproximate location of the image? 

(a) 6.7 cm to the right of the lens. 

(6) 10 cm to the right of the lens. 

(c) `20 cm to the right of the lens. 

(d) 80 cm to the right of the lens. 

(e) 80 cm to the left of the lens. 


22. Positive charge Q is 
uniformly distributed 
over a ring of radius a 
that lies in the y-z plane 
as shown in the diagram. 
The ring 1s centered at 
the origin. Which of the 
following graphs best 
represents the value of the electric field # as a function 
of x, the distance along the positive x axis? 


E E 
(b) У 

Е Е i 
(d) à 


x 





(a) 


(с) 


(е) 


23. Four point charges are 
placed at the corners of a 
square with diagonal 2a as 
shown in the diagram. What 
is the total electric field at 
the center of the square? 

(a) kq/a? at an angle 45° 

above the +x axis. 


а +34 





us 


+40 
kq/æ at an angle 45° below the — axis. 
3kq/a* at an angle 45° above the —x axis. 


3kq/a? at an angle 45° below the +x axis. 
Okg/a? at an angle 45? above the +x axis. 


© 2« 


(b) 
(с) 
(d) 
(e) 
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Both questions 24 and 25 refer to 
the system shown in the diagram. A 

spherical shell with an inner surface 

of radius a and an outer surface of 

radius b is made of conducting 

material. A point charge +0 is placed 

at the centre of the spherical shell and a total charge 
—q is placed on the shell. 


24. How is the charge -q distributed after it has reached 

equilibrium? 

(a) zero charge on the inner surface, -q on the outer 
surface. 

(b) -Q on the inner surface, -q on the outer surface. 

(c) -Q on the inner surface, -g + О on the outer surface. 

(d) +0 on the inner surface, —q— О on the outer surface. 

(e) The charge -q is spread uniformly between the 
inner and outer surface. 


25. Assume that the electrostatic potential is zero at 
an infinite distance from the spherical shell. What is 
the electrostatic potential at a distance R from the centre 
of the shell, where b > R > a? 


(a) 0 е © Ke 


QU 2-4 


d) k=— 
OT 

(e) 224 
Use the circuit below to answer questions 26 and 27. B,, 
В,, B4, and B, are identical light bulbs. There are six 
voltmeters connected to the circuit as shown. All 
voltmeters are connected so that they display positive 
voltages. Assume that the voltmeters do not effect the 


circuit. 


26. If B, were to burn out, opening the circuit, which 
voltmeter(s) would read zero volt? 

(a) none would read zero. 

(b) only V, (c) only 7, and V, 

(d) only V4, V}, and V; (e) they would all read zero 


27. If B, were to burn out, opening the circuit, what 
would happen to the reading of V? Let V be its original 
reading when all bulbs are functioning and let V’ be 
its reading when В, is burnt out. 

(a) V'»2V (b 2V>V'>V 


22 


(с) V’=V 
| (e V2» у" 


(d V> у > VI 


28. A particle with positive charge g and mass т travels 
along a path perpendicular to a magnetic field. The 
particle moves in a circle of radius R with frequency 
J. What is the magnitude of the magnetic field? 


nf 2nmf mo mf 
OF, ©. 19 zu Gers 
maf 
© 2zR- 
29. Two wires, 


each carrying a 
current i, are shown 
inthe diagram to the 
right. Both wires 
extend in a straight line for a very long distance on both 
the right and the left. One wire contains a semi-circular 
loop of radius a centered on point X. What is the correct 
expression for the magnetic field at point. X? HINT: The 
magnitude of the magnetic field at the center ofa circular 
current loop of radius R is Upi/(2R). 





(a) MEER out of the page 
(b) E E E + т out of the page 
(c) = + into the page 
(d) 5. * a * e into the page 
(e) > = oi into the page 
30. You are given a bar 


magnet and a looped coil of 
wire. Which of the following 


= () 


would induce an emf in the coil? 
I. Moving the magnet toward the coil. 








TI. Moving the coil away from the magnet. 

Ш. Turning the coil about a vertical axis. 

(а) Ionly (b only (c) I&I  (d)I&III 

(e) L IL III 

ANSWERS 

1 (0 2. (d 3 (b 4 (e 5 (ауто (d 

7. (c) 8. (a) 9. (b) 10. (b 11. (с) 12. (a) 

13. (e) 14. (b) 15. (е) 16. (e) 17. (e) 18. (a) 

19. (d) 20. (a) 21. (b) 22. (d) 23. (b) 24. (с) 

25. (e) 26. (a) 27. (d) 28. (b) 29. (c) 30. (e) 
п 
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ices a deflection of | 
en the current that 


1. Ifa current of 500 mA| 
30? in a tangent galvanom: 
produces a deflection of 60| 


(a) 15А (b) ТА 

(с) 500 mA (d mA | 
(е) 2А. 

2. А 





300 т/тіп, 

emf induced in the wire is 

field in tesla is 

(a) 2 (b) 5 (c) 0.4 


(d) 2.5 (e) 0.8 


3. Whenever a magnet is moved either towards oraway 
from a conducting coil, an emf is induced, the magnitude 
of which is independent of 

(a) the strength of the magnetic field 

(b) the speed with which the magnet is moved 

(c) the number of turns in the coil 

(d) the resistance of the coil 

(e) the area of cross section of the coil. 


4. Тһе instantaneous voltage through a device of 
impedance 20 Q is e = 8051п100лг. The effective value 
of the current is 

(a) 3A (b) 2.828.A' (c) 1.732 А 

(d 4A (е) М2 A. 


5. An electromagnetic radiation has an energy of 
13.2 keV. Then the radiation belongs to the region of 
(a) visible light (b) ultraviolet 

(c) infrared (d) -X-ray 

(e) microwave. 


6. Two convex lenses of focal lengths 0.3 m and 
0.05 m are used to make a telescope. The distance kept 
between the two in order to obtain an image at infinity is 
(а) 0.35 m (b) 0.25 т (c) 0.175 m 

(d) 0.15 m (e) 0.20 m. 


7. The refractive indices of glass and water with respect | 
to air are 3/2 and 4/3 respectively. Then the refráctive 


PHYSICS FOR YOU | JUNE 07 











index of glass with respect to water is 
(a) 8/9 (b) 9/8 (c) 7/6 
(d) 2 (e) 0.5 


8. Inatwo-slit experiment, with monochromatic light, 
fringes are obtained on a screen placed at some distance 


m the slits. If the screen is moved by 5 x 10? m 
Uu. 
D 


















ie veen-the slits is 0.03 mm) 
(a) 4000 À.(b).4500 A (c) 5000 А 
(d) 5500 A (e) 6000 A. 


9. The photosensitive surface is receiving light of 
wavelength 5000 A at the rate of 10- J/s. The number 
of photons received per second is 


(a) 2.5 x 10!° (b) 2.5 x 10" 
c) 2.5 x 10!? (d) 2.5 x 10° 
i 2.5 x 1057, 


10. The nucleus „С!? absorbs an energetic neutron and 
emits a beta particle (B), The resulting nucleus is 

(а) М1 (b) GND (c) B®? 

(d) «С (е) ;B". 


11. Select the true statement from the following. Nuclear 

force is 

(a) strong, short range and charge independent force 

(b) charge independent, attractive and long range force 

(c) strong, charge dependent and short range attractive - 
force 

(d) long range, charge dependent and attractive force 

(е) charge independent, short range and strong repulsive 
force. 


12. In CE mode, the input characteristics of a transistor 
is the variation-of. d 

(a) Ip against Уя at constant Veg 

(b) Jc against Иск at constant Иру 

(с) Ів against Л. (d). Ig against Ic 

(e) Ic against Voy at constant 7g. z 


13. The arrangement shown in the figure performs the 
logic function of 
47 























B 

(a) AND gate 
(c) NAND gate 
(e) NOT gate. 


(b) OR gate 
(d) NOR gate 


14. The electrical conductivity of an intrinsic 
semiconductor at 0 K is 

(a) less than that of an insulator 

(b) is equal to zero (c) is equal to infinity 

(d) more than that of an insulator 

(e) is equal to that of a metal. 


15. The principle used for the transmission of light signals 
through the optical fibre is 

(a) reflection (b) refraction 

(c) interference (d) diffraction 

(e) total internal reflection. 


16. The sky wave propagation is suitable for radio-waves 
of frequency 

(a) upto 2 MHz (b) from 2 MHz to 20 MHz 
(c) from 2 MHz to 30 MHz 

(d) from 2 MHz to 50 MHz 

(e) from 2 MHz to 80 MHz. 


17. 
(a) 
(b) 


Modulation is the process of superposing 
low frequency audio signal on high frequency waves 
low frequency radio signal on low frequency audio 








waves 

(c) high frequency radio signal on low frequency audio 
signal 

(d) high frequency audio signal on low frequency radio 
waves 

(e) low frequency radio signal on high frequency audio 
waves. 

18. If voltage V = (100 + 5) V and current 

/=(10+ 0.2) A, the percentage error in resistance R is 

(a) 5.2% (b) 25% (c) 796 

(d) 1096 


(e) 2.5%. | 


19. A body starting from rest moves with uniform 
acceleration. The distance covered by the body in 
time ¢ is proportional to 
(a) Jt (Ы) 2 
(d) P (e) 2. 





(c) ph | 
| 





20. A pendulum of length 1 m is released from 0 = 60°. 
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| (d) зом 


The rate of change of speed of the bob at 0 = 30° is 


(g = 10 ms?) 

(a) 10 ms? (b) 7.5 ms? 
(c) 5 ms? (d) 543 ms? 
(e) 2.5 ms. 


21. A body constrained to move in the y-direction is 
subjected to a force F = 2i + 15j + 6k newton. The уук 
done by this force in moving the body through a distance 
of 10 m along y-axis is 
(a) 1007 (Ы) 150] 
(d) 200J (е) 501. 


(c) 120 J 


22. A particle is projected with a speed v at 45? with 
the horizontal. The magnitude of angular momentum 
of the projectile about the point of projection when the 
particle is at its maximum height А is 








тур? ту?ћ 
(а) zero (b) J5 (c) 2 
j туй туһ 
(d) 5 (е) Ф ` 


23. A gun fires bullets each of mass 1 g with velocity 
of 10 ms"! by exerting a constant force of 5 g weight. 
Then the number of bullets fired per second is (Take 


Е = 10 ms?) 
(a) 50 (b) 5 (c) 10 
(d) 25 (e) 15. 


24. Two equal forces are acting at a point with an angle 
of 60° between them. If the resultant force is equal to 
405/3 №, the magnitude of each force is 

(a) 40N (b 20N (c) 80N 

(e) 10 N. 


25. A man pushes against a wall but fails to move it. 
He does 

(a) negative work 

(b) positive but not maximum work 

(c) maximum positive work 

(d) no work at all 

(e) maximum negative work. 


26. When a bullet is fired at a target, its velocity decreases 
by half after penetrating 30 cm into it. The additional 
thickness it will penetrate before coming to rest is 
(a) 30cm (b) 40cm (с) 10 cm 

(d) 50cm (e) 20 cm. 


27. The moment of inertia of a flywheel having kinetic 
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energy 360 J and angular speed of 20 rad/s is 34. A body cools from 62°C to 50°C in 10 minutes 


(a) 18 kg m? (b) 1.8 kg m? and to 42°C in the next 10 minutes. The temperature of 
(c) 2.5 kg m? (d) 9 kg m? the surrounding is 
(e) 0.9 kg m?. (a) 16°С (Ы) 26°C (c) 36°C 


р d) 21°С ) 31°C. 
28. Four point masses P, Q, R and S with respective (d) (e) 


masses 1 kg, 1 kg, 2 kg and 2 kg form the corners of | 35. At what temperature the kinetic energy of a gas 
a square of side a. The centre of mass of the system | molecule is half of the value at 27°C? 


will be farthest from (a) 13.5°С (b) 150°C (c) 75K 
(a) P only (b) Rand 5 (d) 13.5 K (e) -123 K. 
(c) R only (d) P and О 


36. A black body emits radiations of maximum intensity 
(e) P and R. for the wavelength of 5000 A when the temperature of 
29. The satellite of mass m revolving in a circular orbit | the body is 1227°C. If the temperature of the body is 
of radius r around the earth has kinetic energy E. Then | increased by 1000°C, the maximum intensity would be 








its angular momentum will be observed at 
ГЕ Е (а) 1000 А (b) 2000 А (с) 5000 А 
ones - d) 4000 À (e) 3000 À. 
(а) 4,2 (b) 4 3 (d) (e) 
—— 37. A simple pendulum has a time period Г in vacuum. 
(c) J2Emr? (d V2Emr Its time period when it is completely immersed in a 
E liquid of density one-eighth of the density of material 
(e) 3 of the bob is 
Y2mr | 


5 
30. The escape velocity from the earth is 11.2 km/s. | (a) ү T (b) Ë T (с) : Z 
The escape velocity from a planet having twice the radius à ad 
and the same mean density is (in km/s) 8 .. I8 _. 
(a) 11.2 (b) 56 — (c) I5 (d) Er (©) yz. 


7 
(d) 224 (e) 33.6 | : 
| 38. A body of mass 20 g connected to spring of constant 


31. The excess of pressure inside the first soap bubble | К executes simple harmonic motion with a frequency 
is three times that inside the second bubble. The ratio | of (5/л) Hz. The value of spring constant is 

of volume of the first to that of the second bubble is | (a) 4 Nm! (b) 3 Nm" (c) 2 Nm! 

(a) 1:3 (6) 1:9 (c) 5:27 (d) 5 Nnr! (e) 2.5 Nmr*. 

(d) 9:1 (e) 27 ; 1. 





39. Two waves are given by y, = соѕ(47 — 2x) and 
32. Bernouilli's principle is based on the law of 


. т 
conservation of » = sin(a t], The phase difference between 





(a) mass (b) momentum 
(c) d the two waves is 
(©) е iden (a) л/4 — (b)-m/4 (с) 3/4 


(d) n/2 (e) 37/2. 
33. A body of mass 8 kg is suspended 
through two light springs X and Y 
connected in series as shown in figure. 
The readings in.X and Y respectively аге 
(a) 8 kg, zero 

(b) zero, 8 kg 


40. A wave represented by the equation 
y = acos(kx — œt) is superposed with another wave to 
form a stationary wave such that the point x = 0 is a 
node. The equation for the other wave is 

(a) у = acos[kx + Qt] (b) y = asin[&x + ci] 

(c) у = -asin[kx + ор (d) y = -аѕіп[дх — cor] 








(c) 6 kg, 2 kg | a 
e) у= ~ kx + Qt]. 
VEN pis to еа ен 
(е) 8 kg, 8 kg. | 41. An electric dipole consists of two opposite charges 
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each 0.05 uC separated by 30 mm. The dipole is placed 
in an uniform external electric field of 10° NC^!. The 
maximum torque exerted by the field on the dipole is 
(a) 6 x 102 Nm (b) 3 x 102 Nm 

(c) 15 x 102 Nm (d) 1.5 x 102 Nm 

(e) 9 x 10? Nm. 


42. Two identical spheres carrying charges —9 uC and 
5 uC respectively are kept in contact and then separated 
from each other. Point out true statement from the 
following. In each sphere 

(a) 1.25 x 10? electrons are in deficit 

(b) 1.25 x 10'? electrons are in excess 

(c) 2.15 x 10% electrons are in excess 

(d) 2.15 x 10" electrons are in deficit 

(e) 1.52 x 10% electrons аге in excess. 


43. The capacitance of a parallel plate capacitor with 
air as medium is 3 pF. With the introduction of a dielectric 


medium between the plates, the capacitance becomes | 


15 uF. The permitivity of the medium is 
(a) 5 (b) 15 

(c) 0.44 x 1071? C N! m? 

(d) 8.854 x 107! CPN? m? 

(е) 5 CN! m°. 


44. The colour code for a resistor of resistance 3.5 КО 
with 5% tolerance is 

(a) orange, green, orange and gold 

(b) red, yellow, black and goid 

(c) orange, green, orange and silver 

(d) orange, green, red and silver 

(e) orange, green, red and gold. 


45. In the adjoining figure the equivalent resistance 
between 4 and B is 
1o 2Q 4Q 
A WA 


6 Q 29 
В 
19 2Q 4Q 
(a) 50 (0) 89 (0259 
(d) 689 (e) 7.80. 


46. In a Wheatstone's network, P = 2 Q, 0 = 2 Q, 
R=2 О and 5 = 3 ©. The resistance with which S is to 
be shunted in order that the bridge may be balanced is 
(a) 1Q (b) 2Q (c) 40 

(d) 6Q (e) 8Q. 
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47. The strength of the magnetic field around a long 

straight wire, carrying current, is 

(a) same everywere around the wire at any distance 

(b) inversely proportional to the distance from the wire 

(c) inversely proportional to the square of the distance 
from the wire 

(d) directly proportional to the square of the distance 
from the wire 

(e) directly proportional to the distance from the wire. 


48. A proton with energy of 2 MeV enters a uniform 
magnetic field of 2.5 T normally. The magnetic force on 
the proton is (Take mass of proton to be 1.6 х 1072? kg) 


(a) 3 x 10-2 N (b) 8 x 10-0 N 
(c) 8 x 1072 N (d) 2 x 10-9 № 
(e) 3 x 107? N. 


SOLUTIONS 


1. (a): For a tangent galvanometer, 7 = К їапӨ 
where X is the reduction factor of tangent galvanometer. 














d _ tan, 500  tan30* 

fy Е tan Ө, I tan 60° 
. t o А 
КЕ у лү Уз 
їап 30° 1/43 


= 500 x 3 = 1500 mA = 1.5 mA. 


2. (e): When a wire of length / moves with velocity 

v, perpendicular to a magnetic field B, the induced emf 

is produced. The magnitude of induced emf is given by 
[e| = Biv 

Given : / = 50 cm = 0.5 m, v = 300 m/min = 5 m/sec 
le] =2 V. 

_ |8! 2 
es lv 0.5x5 
3. (d):Induced emf. depends on the total flux x current 
per second, i.e. on the strength of the magnet, speed of 
moving the magnet, number of turns of the coil and 
area of cross-section of the coil. Only the current is 
decided by the emf and the resistance. 

emf is independent of the resistance of the coil. 
4. (b): Given equation, e = 80sinlOOm/ — ... (i) 
Standard equation of instantaneous voltage is given by 
e = e, sinwt we (i 
Compare (i) and (ii), we get e,, = 80 V 
where e,, is the voltage amplitude. 


= 0.8 tesla. 





Current amplitude „= = where Z = impggdence 
= 80/20 = 4А. 
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Effective current or root mean square current, 


Pees у= д^ 42 = 242 – 2.828 A. 
Р? 2 
5. (d): Given: E = 13.2 keV 
he 12400 0.930 A = lÀ. 





A Gn А) = Есу) 7 132х103 
X-rays covers wavelengths ranging from about 10 * т 
(10 nm) to 102 m (10~ nm). | 
An electromagnetic radiation of energy 13.2 keV belongs 
to X-ray region of electromagnetic spectrum. 


6. (a): Іп а telescope, to obtain an image at infinity 
or in normal adjustment, the distance between two convex | 
lenses one called objective (greater focal length) and 
the other called eye piece (shorter focal length) is L. 
L=f,+f. = 0.3 + 0.05 = 0.35 m. 





7 3 4 
7. (b): Given: “He =>, Н, =a 
uum x "и, = "By 
i “Ug 3/2 9 
# dg йе a ще 
Mus 4/3 8 





) AD 
8. (e): Fringe width В = 7 


where D is the distance between slit and the screen, 
d is the distance between two slits, A is the wavelength 
of light. 


AAD 
АВ == 
= 
м ABd 107 х0.03 102 10? x3x10^? 
" AD 5x10? 5x107 


=6 x 107 т = 6000 A. 
9. (а) : Given: А = 5000 A 
Energy received per second = 107° J/sec 


Energy of one photon is Е = Ау = K ; 
; 9 3 
_ 6-63Хх1 х3х10 2399x107? J. | 


5000 x 107? 
Number of photons received per second 


Energy received per second 
Energy of one photon 
10 





= ———ь = 25x10". 
3.99x10^ 
10. (b) : CP + y! — GN? + е v 
(neutron) (resulting (B-particle) (antineutrino) 
nucleus) 
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11. (a) : Properties of nuclear force 

(i) Nuclear force acts between a pair of neutrons, а 
pair of protons and also between a proton and neutron 
with equal strength. This shows nuclear force does 
not depend on charge i.e. charge independent. 

(ii) Nuclear force is the strongest force in nature. Nuclear 
force is 100 times that of electrostatic force and 
10?? times that of gravitational force between 
nucleons. 

(iii) Nuclear force is a short range force. The range of 
the nuclear force is the order of 2 to 3 fm. 


12. (a) : The input characteristics of the CE mode 
transistor (common emitter mode) represents the variation 
of the input current i.e. base current /5 with input voltage 
i.e. base emitter voltage Vp; at constant output voltage 
i.e. collector emitter voltage Vep. 


A 





13. (а): 
Y'- A.B 
TITO eB 


| The given circuit performs the logic function of AND 


gate. 


14. (b) : At 0 K, intrinsic semiconductor behaves like 
an insulator. Therefore, the electrical conductivity of 
an intrinsic semiconductor at 0 K is equal that of an 
insulator. 


15. (e) : Thetransmission of light signals through optical 
fibre is based on the principle of total internal reflection. 


| 16. (c): The sky waves are the radiowaves of frequency 


between 2 MHz to 30 MHz. These waves can propagate 
through atmosphere and are reflected back the ionosphere 
of earth's atmosphere. 


17. (a) : Modulation is a process of superposing a low 
frequency. audio signals (called modulating signal) on 
a high frequency radio wave called carrier wave. 
18. (c) : Given : Voltage V= (100 + 5) V 
Current / = (10 + 0.2) А 
According to Ohm's Іам, V=IR ог R=V/I 
Taking log of both sides, 

logR = logV — log! 
Differentiating, we get 
AR AV AI 


Ru al wih 
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А б AR АГ Al | 
p 4 o ETT" 
or maximum error, “p r Р | 
Multiplying both sides by 100 for taking percentage, | 
we get | 
AR x100 = Al «100 + Al 1б | 
R V I 
Percentage error in resistance R 
F 5 0.2 
= AY x100 + A x 100 = 2x 100+ 92 x100 | 
V j 100 10 
= 7%. 
19. (e) : Given : Initial velocity of a body и = 0... (i) | 
Let s be the distance covered by a body in time 7 





or pe 1а? [using (1)] 


1 4 
s=ut+—at- 
2 


or, sœ f, 
20. (c) : 0° for a pendulum is g⁄. 
When 9 is half the amplitude of 60?. 
acceleration = --0020 
19 


«X ^ 
q-——Xx—--5ms*. 
! 


= 


21. (b) : Force / = 27 +154 +64 № | ^ 


Displacement, 5 = 0) +10 7 + 0 m 
Workdone / = /-s 
= (20 +15) +66) - (07 +107 +04) = 1507. | 
22. (е): Velocity of a particle at maximum height / is | 
1' = ycosO 
where v= initial velocity of particie at which it is projected. 
9 = angie of projection | 
Angular momentum. /. = mwh = mvcosO h 


ann 


= mvhcosáS? = ——. 
v2 


23. (b) : Given, mass pm = | g = 0.001 kg 
Force / = 5 gwt = 5 x 10? дупе = 0.05 N 
{1 N = 10° dyne) 
Velocity v = 10 ms" 
Numoer of bullets tired per second = mv 
0:05; _. 
0.00110 


24. (а): Given : Force F, = force r. = А 


OR T = Fe КЁ 
Resultant force R = 4043 N 


Angle between two forces F, and Fa is Ө = 60° 


R= Fo + Е +24, F cost |^ 


on 40/3 = VF? + F^ 22 cos60? = V347 

ог. F- 40 №. 

25. (d) : Work done is defined as 7-5. 

But the wall does not move even when the force is applied. 

Therefore no work is done. 

26 Y v2 v70 
.-({c):—_,_—_—_—_—_—"—— 

(c) A B C 

——————À«———————— 


5 x 
30 cm 
Let bullet is fired with velocity v at point 4 and its 
velocity becomes half when it travels a distance s and 
reaches at point В. When it reaches at point C, it comes 
to rest and travels a distance х. 
From 4 to B, using, v — u- = 2as 








А Yu ` Y 4 
or Е —Ү = las or -E үр = 2ау 
n2. 2 
-3v ~ 32 
or ——2=2as or a= - 
4 8s 
From В to C, using Y? — i7 = 2as 
( vy Y. 2 Ty | 
NE (ы m —3v 
0* -| x = 2ax or —ÀL 2o avg x 
Q2 4 | 8s ) 
8s 5x30 
or md ze m 10 cm 
4x6 24 


27. (b) : Given: kinetic energy K ^ 360 J 
Angular speed « = 20 rad/s 


к= Іо? 
i), 


where / = moment of inertia 


2K 


J=- 
! 


2х360 
ол 20х20 





Or. -]8kgm-^ 





2kg 
Centre of mass of P and S will be at O,, О and R will 
be at O3. 


2kg 


The centre of mass of all at centre of mass which 
is at the midpoint of О; and O, farthest from P and О. 
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29. (c) : Kinetic energy of a satellite Е= ту? | or s K| -% | we (HD) 


where m = mass of a satellite and v = orbital velocity " 
of a satellite 50-42 — K! 30-42 , | 








D 
= 
a 


1 ibs g 
E=—mv’ or mE-—mwv or mv=V2mE 
9 2 ^ 1 

8 MS >. 

or = = K|—-9» 


Divide (i) by (11). we get 





Angular momentum L = mvr = N2mEr = V2mEr*. 


30. (d) : Let M,, R,, p, be the mass, radius and density 
of earth and M,, Rp, p, Бе the corresponding values for 


p 12 10 _ 112-265 > _ 112-26, 
the planet. | | 10 8 92-20, 2 92-20; 
Then escape velocity from the earth's surface is 
DER or 276 ~ 60, = 224 - 40, 
2GM, | 2G 4 3 

vw = [— = | хр, X- -nR 52r 0 Е 
R, y R, 3 | or 276 — 224 = 20, or 0,-— =: 26°C. 

a 3, 
= рш 35. Kinetic energy of a gas molecule К = —KT 


where k is the Boltzmann's constant and 7 ts the 


i ; ‘ 
Escape velocity from the planet’s surface is temperature in kelvin. 








KIEL = > 
ES KU: _ [8xGo, QR. P T Оа ыз 
Pe РГО ЧА ачар КУР ЕТ” K2 T 
(Given : Pp = Pes Ro = 2R) | op 5.309 or P iso K= —123°С. 
T* 


= 2 
MITT: 
3 


= 2х11.2 = 224 km/s. This option is not provided in the question paper. 


| 36. (e) : According to Wein’s law A, 


4 T = constant 
31. (c): Excess pressure inside a soap bubble eI | where 7 is the temperature in kelvin. 








where T is the surface tension of the soap solution, | . (Аллах) _ Ту _ 2227+ 273 
R is the radius of a soap bubble. pee 7. [027552 
ЗР, » i | 
iR or 22. А or A. | (Аах )) = 2500 _ 5 
» i 5 А Ry : max), 1500 3 
p т 3 3 | 3 3 
Hn zu v а AR) M» oJ | or, (Аах )2 = 5% Ола) = 2 5000 = 3000 A. 
>. Mee 8) 3» 127 


re 
32. (d) : Bernouilli's principle is based on the | 37. (d) : Let Г = 2л Ы 
conservation of energy. | ы 
33. (e) : As X and Y have negligible mass, both the 
spring balances read the same force 8 x g or 8 kg. 
When massless springs are connected in series, the force | 
is the same. 





Let V be the volume of the mass. 
V x px gis acting downwards. 


хех is acting upwards. 


Inside the liquid, the effective f. 
34. (b) : Let the temperature of the surrounding be 6,. duro giis е туо оул А 














According to Newton’s law of cooling, - Ррах1. i.e. effective g is € : 
62 —50 „Í 62+50 | E 
= ЖК -6 i 18 
10 | E "mg. = s 


Г 2л | zhbopo = 21 
(7/8)g V7g v7 
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38. (c) : Given : Frequency of oscillation v = * Hz 
Mass of a body m = 20 g = 0.02 kg 


1 К 
Frequency of oscillation o = —,|— 
2n Vm 

where K is the spring constant 
1 K 
or v? zit mpm 
47° т 


2 
К =4л?ъ?т = (5) х 0.02 = 2 Nm”. 
n 


НЕ x 

39. (b) : v. = cos(4t — 2x) = sin| 42х35) 
f 

Уз = sin 4 —2х+®) 


Phase difference between two waves is 
Ab «(n -a E - (un j—-——--——, 
4) 2 


40. (e) : Stationary wave is formed by superposition 
of two identical waves travelling in opposite directions. 
Given wave is у = acos(kx — œf) 
The other wave cannot be y = —acos(kx — œt) as their 
directions are not opposite. The other possible cosine 
function can be v = —acos(kx + Qt). 
Their directions are opposite to each other. 

y, = acos(kx — wt) — acos(kx + wt) 

= 2asinkx sinwt 

Аїх= 0, у, = 0 
Hence а node is formed at x = 0. 

The equation of other wave = —acos(kx + œt). 


41. (d) : Torque t= pxE 
where р = electric dipole moment, E = electric field 
or T= pEsin8 
For maximum torque, 0 = 90° 
or т=рЕ= 0.05 x 10% x 30 x 102 x 10° 
‚ = 1.5 x 103 Nm. 


-9 uC 5uc 


42. (b) : rs (> 


After initial contact and separation, each sphere will 
be having —2 uC each 
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-2x10^ 
-1.6x10 ? 
ie. 1.25 x 10? electrons in excess. 


= 125x10*. 


n= 


43. (c) : Capacitance of a parallel plate capacitor with 


ieee d 804 
air is d 
Capacitance of a same parallel plate capacitor with the 


introduction of a dielectric medium is C" - K&od 


where K is the dielectric constant of a medium 
he 8 

=K or .K =-— 

C £o 





15 
or K=--=5 
or 3 


or € = Key = 5 x 8.854 x 107? 
= 0.4427 x 1079 C? №! m, 
44. (e) : The first two bands from the end indicate the 
first two significant figures of the resistance in ohm. 
The third band indicates the decimal multiplier and the 
last band stands for the tolerance in percent about the 
indicated value. 
Resistor colour codes 











Silver | 1072 | 10 
No colour | B 20 
From the above table, the colour code ofa given resistor 
of resistance 3.5 kQ + 5% is orange, green, red and 
gold. 


Colour Number | Multiplier | Tolerence (%) | 
Black 0 1 j 
Brown | 1 | 10! 
Кеа 2 | 102 
Orange | 3 | 103 | | 
Yellow | 4 | 104 | | 
Green 5 10° | 
Blue | 6 | 106 | 
Violet | Jap xt | 
Gray 8 | 108 | 
White | 9 | 10 | 
Gold 107 5 | 
| 
E 





45. (a) : The equivalent circuit is 


10 29 
АО 


29 
19 29 
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6 Q and 6 Q are in parallel. 

3 Q, 1 О and 1 Q are in series. 

Total effective resistance = 5 Q. 
46. (d) : Let x be the resistance shunted with 5 for the 
bridge to be balanced. 
For a balance Wheatstone's bridge 


i 
at" 








P R 2 2 
or = 
Q S 2 
or 5 =2 О. 
From figure, 1 = 1+1 or rebel 
$' S x 2 3 x 
1 Intel 
-----7"7 or x=60 
uc = Ө Aer 


47. (b) : The magnetic field at a point at a distance r 
from the long straight wire carrying current 7 is given by 
= Во 25 or Ba E 
r 
48. (c) : Given : Energy of proton E = 2 MeV 
=2 х 1.6 х 107? x 106 J 
Magnetic field B = 2.5 T 
Mass of proton m = 1.6 x 10?" kg 
Magnetic force on the proton F = g(v x B) 
or F-qvBsinü or F- qvB ww (i) 
[Given 6 = 90°] 


Also, Ema or v= Pe 
2 m 


Substitute in eq. (i), we get 


16107! «2,5 [22x 16x 10777 x 10f 
A 16x10 77 


= 1.6 x 1079 x:2,5 x 2 x 107 
=8 x 10-2 N. 
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Thought Provoking Problems 


in НАГИ `2 


N 


Ву : Prof. R.S. Randhawa* 








1. The space between two coaxial cylinders, whose | 5. How long does it take for current to decay to half 
radii are a and b (where a < b), is filled with conducting | its value, while charging? We can consider this time as 
medium of conductivity of the medium is o. Calculate | half-life of the current in a charging series RC circuit. 


the resistance between the cylinders in the radial direction. 
(Assuming L > > b) where, L is the length of the cylinder. — - 


2. A part of circuit in steady state along with current DUBIE Ens 

tle’ : 7 through which the 
flowing in the branches, with value of each resistance 
; я А current flows across 
is shown in figure. Calculate the energy stored in the PRE 

- a shell of radius r is 
capacitor C. 
A(^ = 2nrL. 





The resistance 
ofthe shell of radius 














| r is 
| P TIE A 
o 2nrL 
b ” 
] "ак 
Ry, |dR= —— 
| a J 2761} R 
ee [In Ry’ X In(b/a) 
2noL 2noL 


3. A potentiometer wire of iength 100 cm has a | 
resistance of 9 Q. It is connected in series with a resistance | 2. From Kirchhoff's I* law at junctions 4 and В 
and accumulator of emf 3 V and of negligible internal | respectively, we have È 7 = 0. 
resistance. A source of 13 mV is balanced against a | MPO = 0. 
length of 60 cm of the potentiometer wire. Find the | 123A 
value of external resistance? | andL-1-2 =0. а. L=1A 

| 


4. Find the effective resistance between А and B of | Also, V, -3x 5-3x1-1x2-Vg 
an infinite chain of resistors R, and А, joined as shown | ie., V, — Из = 20 V 
in the figure. -. Energy stored in the capacitor, 


Us C, - Va 


| U =x (9x10) (20)? = 5 X910» 400 

= 18 x 10, 
Randhawa institute of Physics, S.C.O. 208, First Floor, Sector-a6D, Chandigarh. Fn.: 0172-2820689, Mobile : 6814827600 
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| 





| 
3V | 
Potential drop across wire = current x resistance 


"EB 2 
R+9) 


^ R+9 


N 


The potential drop per cm of the wire is 


= з S! Vcm 
(100) R+ 9) 


The fall of potential across 60 cm of the wire is 


60x27 _ 162 
"100(R-9) | R49 


which must be equal to the emf of the source when 
balanced is achieved. Thus | 


" 
162 xi? => R+9 =o 102 =1246 
R+9 13 


= R= 1237 ©. 


4. The given equivalent network is written as equal | 
to 





R, 
R, R | 


The original infinite chain is equivalent to R, in series 


| 
with R, and R in parallel. 





Dn 
злак) 


R=R + 
R+ 





or R?-RR-RR=0 
2 


2 
p- Rit VRP HARR Aly, fe) 
2 2 3 


(-ve sign is neglected). 


5. Thecurrent in charging series RC circuit is given by 
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[= fgg "nC 


s 1 IR 
When current is halved, zx 1° s 


1 T 
EC RC 
2 


Taking the natural logarithms on both sides and solving 
for f, 


or, 


t 
In2 = RC or t= RC In2 
t = 7 (0.693). (Since In2 = 0.693) 
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Comprehension-1 


A bullet of mass M is fired with a velocity of 50 m/sec, 
at an angle 0 with the horizontal. At the highest point 
of its trajectory, it collides head on with a bob of mass 
3M suspended by a massless string of length 
(10/3) metres and gets embedded in the bob. After the 
collision, the string moves through an angle of 120?. 


1. The angle Ө is 


(a) 37° (b) 47° (95175 (d) 67°. 


3. The horizontal coordinate of the initial position 
of the bob with respect to the point of firing of the 
bullet (Take g = 10 ms?) 
(а) 60m (b) 120m 


(c) 150 т (d) 200 m. 


3. The vertical coordinate of the initial position of 
the bob with respect to the point of firing ofthe bullet. 
(Take g = 10 ms?). 

(a) 25m  (b)35m 


(c) 45 m (d) 55 m. 


Comprehension-2 
A 20 kg body is released from rest so as to slide in 


between two vertical rails and compresses a vertical | 
spring of force constant k = 1920 N/m placed at a distance 
of 1.0 m from the starting position of the body. The | 


rail offers a frictiona! force of 36 N opposing the motion 
of the body. 


4. The velocity v of the body just beforestriking with 
the spring is 
(a) 2 m/s (b) 4 m/s 


(c) 6 m/s (d) 8 m/s. 


5. Thedistance/through which the spring is compressed. 
Find the value of / 
(а) 1m (b) 0.5 m 


(c) 2m (d) 3 m. 


6. Тһе distance /' through which the body is rebounded 
up. Find the value of 4’ 
(a) 0.5 т 

(c) 2m 


(b) 1.03 m 
(d) 2.5 m. 


PREHENSIONS 


| Comprehensions-3 


| A rectangular rigid fixed block has a 
long horizontal edge. A solid 
homogeneous cylinder of radius R is 
placed horizontally at rest with its _ 
length parallel to the edge such that ^ 
the axis of the cylinder and the edge 
of the block are in the same vertical plane as shown 
in figure. There is sufficient friction present at the edge 
so that a very small displacement causes the cylinder 
to roll of the edge without slipping. 





7. The angle 0, through which the cylinder rotates 
before it leaves contact with the edge is 


(a) (7) (b) cos 3} 
|е, ut ay a 
(c) sin i= | (d) sin (5). 


8. The speed of the centre of mass of the cylinder 
| before leaving contact with the edge is 





1] 
= 
= 
AJN 
09 
ЕЧ] 


9. The ratio of the translational to rotational kinetic 
energies of the cylinder when its centre of mass is in 
| horizontal line with the edge. 

(a) 6 (b) 5 (c) 4 


Comprehensions-4 


(d) 3. 


| An ideal monoatomic gas is confined in a cylinder by 
a spring-loaded massless piston of cross-section 
| 8.0 x 100? т?. Initially, the gas is at 300 К and occupies 
| a volume of 2.4 x 10? m? and the spring is in its relaxed 
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(unstretched, uncompressed) state. The gas is heated 
by an electric heater until the piston moves out slowly 
without friction by 0.1 m. The force constant of the 
spring is 8000 N/m, atmospheric pressure is 
1.0 x 10° Nm”. The cylinder and the piston are thermally 
insulated. Gas constant R = 8.3 J/mole-K. 











10. The final temperature.of the gas is 
(a) 700 К (by 800 K 
(c) 900 К (d) 1000 K. 
11. The heat supplied by the heater is 
(a) 620 J (b) 720 J 
(c) 820 J (d) 920 J. 


Comprehension-5 


In a nuclear fusion reactor, the reaction occur in two 


stages: 

(A) Two deuterium (D?) nuclei fuse to form a tritium 
(1T?) nucleus with a proton as a biproduct. The 
reaction may be represented as D(D, p)T. 


(B) A tritium nucleus fuses with another deuterium 


nucleus to form a helium („Не“) nucleus with a neutron 
as a biproduct. The reaction is represented as 
T(D, л) a. 

Given : m(,D?) = 2.014102 u 
m(, T?) = 3.016049 ц; m(, He^) = 4.002603 u 
m(;H!) = 1.007825 u ; m(n’) = 1.008665 и 


12. The energy released in Ist stage of fusion reaction, 
is 

(a) 4.033 MeV (b) 17.587 MeV 

(c) 40.33 MeV (d) 1.7587 MeV. 

13. The energy released in the-2nd stage of fusion 


reaction, is 
(a) 4.033 MeV 
(c) 40.33 MeV 


(b) 17.587 MeV 
(d) 1.7587 MeV. 


14. The energy released in the combined reaction per 
deuterium, is 

(a) 4.207 MeV 
(c) 6. 207 MeV 


(b) 5.207 MeV 
(d) 7.207 MeV. 
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| SOLUTIONS 


| 1. (a): The situation of the problem is shown in figure. 


y 


вт 30° 


um tsini 





u, =u cos 0 


At the highest point of the trajectory of the projectile, 
| the vertical component of the velocity becomes zero, 
while the horizontal component remains unchanged, 
Le. u, = 0 and и, = исо$Ө. 
According to law of conservation of linear momentum, 
we get 

Mu, = (M + 3M)v .. (i) 
where v is the final velocity after the collision. According 
to principle of conservation of energy, 


l(M-- 3M)? = (M + 3M) gh 














or v?- 2gh = 2g (1 + Í sin 30°) . i) 
From equation (i), 
TE uy _исовӨ о ра В (iii) 
4 4 4 
Substituting this value of v in equation (ii), we get 
2 
E | - 2g (1+ lsin 30°) 


2 
or cos? 0 = 2g/ (1 + sin 30°) [33 


j 


cost - 10x [4 )=(2) or 0-cos^ (2)=37°. 


2. (b): Time of ascent, 





3 sec 


g 10 10 
Horizontal coordinate x = (ucos0): 
= 50 х 0.8 x 3 = 120 m. 





21 


3. (c): Vertical coordinate у = (usin0) t —— er 


‚1, 
2 
= 50 x 0.6 x 3- 1х10х9=45 т. 

(b) : Suppose the body slides a distance / against 
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the frictional force before striking 
the spring as shown in the figure. 
Now loss of gravitational 
potential energy of the body J 
= gain in kinetic energy + Work 

done against friction 


h h+ 


mgh = ут + Fh 


or 20x 9.8 x 1.0 = $ x 20 x v 36» 1.0 
or у= 4 m/sec. 


5. (b): Let / be the maximum compression of the 
spring as shown in figure. Applying the law of 
conservation of energy in this position, we get 


mg(h e D - 147 + Е(һ+1) 





or т й+т = 2КР + Fh+ Fl 
2mgh ,2mgl _ 2Fh ,2Fl 
or Pie egy 
if 2F 2mg| (2Fh 2mghY _ 
zn. o e 
or Tu tans г Ew n 7 T. 











_ 2mg Jl -4 2Fh d 
k k 





Putting the given values and solving, we get /= 0.5 m. 


6. (b): Suppose the spring rebounds to a height л’. 


shi = mgh’ + Fh’ 


=209.8h'+36h’ . 
Solving we get, h’ = 1.03 m. 

7. (b): The cylinder rotates 
about the edge, hence according 
to law of conservation of energy. 
Loss in gravitational potential 
energy = gain in translational 
kinetic energy + gain in rotational 
kinetic energy 


OF ix 1920 x (0.5)? 





= İm 21g? 


or mgR[1—cos Ө] 2 


de T ix (уте | (v7 LRO) 


Lm? E d ys = 1 my" -imy 


or mgR [1 – cos] = 4 n 
.. (i) 
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Just before leaving contact, mgcos0 — N = 


At the moment of leaving contact with the edge, N = 0 
n2 


le. mgcos0, = —— .. (ii) 
Solving (i) and (ii), we get 
cos6, = E. Ө, = cos! +) iii) 
os0,7 = "ог Ө, 7 » (lii 


8. (a): Also from (i) and (iii), we get 


[4 
›=,!—еЁ 
У 7° Е 


9. (a): Atthe moment, when cylinder leaves the contact 
with the edge and its centre of mass is in horizontal 
line with edge, 
Кр = rotational kinetic energy 

Wen à 


= = 
= 519? = ухутК | = (1/4)mv* = mgR!7 


Translational kinetic energy according to (i), 


h 
mgR= Kr} DET or кь 


- 73 6 mgh 


Kr (6/7) mgR _ 

Ky © mgRIT — 
10. (b) : Suppose P, Vj, T, be the initial pressure, 
volume and temperature of the gas. Since the spring 
is initially in relaxed state, P, — 1.0 x 105 N/m? 
(atmospheric pressure). On being heated, the pressure 
of the gas increases and the piston is pushed out and 
the spring is compressed. Suppose the piston moves a 
distance Ax. 
The force exerted on the piston in the compressed state 
of the spring is given by 

F = kAx = 8000 x 0.1 = 800 N. 
If A be the area of cross-section of the piston, then the 
pressure-increase is 

F | 800N 

А &0xl0?m? 
The volume-increase of the gas is 
AV = AAx = (8.0 x 10? m?) (0.1 m) = 0.8 x 102 m? 
Now, final pressure, Р, = (1.0 x 105) + (1.0 x 105) 

= 2.0 x 105 N/m? 


=1.0x10° N/m? 
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Final volume, V, = (24 x 10%) + (0.8 x 10°) 


= 3.2 x 10? п. 
Let the final temperature of the gas is 7; 
From gas law, i oda 
Dow 
BV. 
Pg) 
or B= BE x T, 


_ (20x10) 32x10?) 
(1.0 x 10°) (24 x 107) 


11. (b) : Heat supplied by the heater is used in 
compressing the spring, in raising the temperature of 
the gas and in moving the piston. 

Work done in compressing the spring is 

1 
2 
Number of mole of the gas 


x 300 = 800 K. 


1 
W, = =k? = > х 8000 х (0.1? = 40 J 


PV (L0x10)x24x10? _ g 
du un (8.3) x (300) 83 
Heat supplied for in increasing the temperature or 
internal energy of the gas 


W, = nCy AT = n2R AT = xix 8.3x 500 
Work done in moving the piston = W; = FAx 
= 800 x 0.1 = 807 


Total heat supplied = W, + W, + W, 
= 40 + 600 + 80 = 720 joule. 


12. (a) : The first stage reaction may be represented 
as 
iD? + |Р? 2 Т? + |р! + О, 
Mass defect, Am = 2(2.014102) — (3.016049 + 1.007825) 
= 0.00433 u 
О, = 0.00433 u x 931.5 MeV/u = 4.033 MeV. 


13. (b) : Now, the reaction for the second stage is 

1T? + D? —> „Het + qi! + 0, 
-. Am (3.016049 2.014102) — (4.002603 + 1.008665) 

= 0.01888 u 

О, = 0.01888 u x 931.5 Mx = 17.587 MeV. 

14. (d) : Total energy released = О, + О, 
= 4.033 + 17.587 = 21.62 MeV 
Energy released/deuteron = ae = 7.207 MeV . 
3 
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2007 Medical Entrance Exam 


| UP CPMT 


TM 


(cET Karnataka 


1. A force F is given by F = at + Бг, where t is time. 
What are dimensional formulae of a and 5? 

(a) MLT? and ML?T* (b) MLT? апа MLT* 

(c). MLT-! and. MLT? (d) MLT-^ and MLT! 


2. А motorist travels A to B at a speed at 40 km/h and 
returns at speed of 60 km/h. His average speed will be 
(a) 40 km/h (b) 48 km/h 
(c) 50 km/h (d) 60 km/h. 


3. A ball of mass m moving with uniform speed collides 
elastically with another stationary ball. The incident ball 
will lose maximum kinetic energy when mass of the 
stationary ball is 
(a) m 

(c) 4m 


(b) 2m 
(d) infinity. 


4. А particle is dropped vertically from rest, from a 

height. The time taken by it to fall through successive 

distances of 1 m each will then be 

(a) all equal, being equal to./2/g second 

(b) in the ratio ofthe square roots of the integers 1, 2, 3,.... 

(c) in the ratio of the difference in the square roots of 
integers i.e. 


Ji 2-41); (3 242), (ый — 43)... 
(d) in the ratio of the reciprocals of square roots of the 
AN, uo 
Vi’ 42^ V3" V4 
5. A body of mass 2 kg is released from rest at the top 
of the smooth inclined plane having inclination 30°. It 
takes 3 s to reach the bottom. If the angle of inclination 
is doubled, what will be the time taken to reach the 
bottom? 
(a) 3s 
(с) (1/V3)s 


6. A boy having a mass of 60 kg holds in hand a school 
bag of weight 40 N. With what force the floor will push 
up on his feet (g = 10 m/s?)? 

(a) 100 N (b) 600 N 


integers i.e. 


(6) J3s 


(d) none of these. 
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.(a) 2596 
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(c) 640 N (d) 64 N 


7. A horizontal force, just sufficient to move a body 
of mass 4 kg lying on a rough horizontal surface, is 
applied on it. The coefficients of static and kinetic friction 
between the body and the surface are 0.8 and 0.6 
respectively. If the force continues to act even after the 
block has started moving, the acceleration of the block 
in metres per sec? is (g = 10 m/s?) 

(a) 1/4 (b) 1/2 

(c) 2 (d) 4. 


8. 250 N force is required to raise 75 kg mass with a 
system of pulleys. If rope is pulled 12 m then the load 
is lifted to 3 m, the efficiency of pulley system will be 
(b) 33.3% 

(c) 75% (d) 90%. 


9. A ball is dropped from a height of 20 cm. Ball 
rebounds to a height of 10 cm. What is the loss of energy? 
(a) 25% (b) 75% 
(c) 50% (d) 100% 


10. A child is standing with folded hands at the center 
of a platform rotating about its central axis. The kinetic 
energy of the system is K. The child now stretches his 
arms so that the moment of inertia of the system doubles. 
The kinetic energy of the system now is 


K 
(a) 2K = 
(с) t (d) 4K. 


11. One solid sphere A and another hollow sphere B 
are of same mass and same radii. Their moment of inertia 
about their diameters are respectively /, and /, such 
that 


(а) L,7 Ig (b) I,» Ty 
(9 1 € 1g (d) 42% 
T аһ 


where d, and d, are their densities. 


12. A satellite 4 of mass m is at distance of r from the 
surface of the earth. Another satellite B of mass 2 is 
at a distance of 2r from the earth’s surface. Their time 
periods are in the ratio of 
(a) 1:2 

(c) 1:32 


(b) 1:16. 
(d) 1: 242 


13. The escape velocity of a body on the surface of the 
earth is 11.2 km/s. If the earth's mass becomes twice its 
present value and the radius of the earth becomes half, 
the escape velocity would become 

(a) 5.6 km/s (b) 11.2 km/s 

(c) 22.4 km/s (d) 44.8 km/s. 


14. The reading of a spring balance when a block is 
suspended from it in air is 60 N. This reading is changed 
to 40 N when the block is submerged in water. The 
specific gravity of the block will be 

(a) 3/2 (b) 6 

(c) 2 (d) 3 


15. A solid of relative density D is floating in a liquid 
of density d. If v be the volume of solid submerged in 
the liquid and V be the total volume of the solid. Then 


y 
(a) vd = (1 + D)V (b) L.7 
(c) 5-5 (d) DV » (1 + dv 


16. Terminal velocity depends on radius of drop r and 
viscosity т according to 
(а) ур ес rn (b) vr e rn 

2 


ғ 
(9) vr cc W 


n 
(6) qs ch 


17. Real gases obey ideal gas laws more closely at 
(a) high pressure and low temperature 
(b) low pressure and high temperature 
(c) high pressure and high temperature 
(d) low pressure and low temperature. 


18. The equation of state of 5 g of oxygen gas at a 
pressure P and temperature 7, when occupying a volume 
I’, will be 

(а) РИ = 5 АТ. 

(с) РИ = (5/16) RT 


(b) PV = (5/2) RT 
(d) PV = (5/32) RT. 


19. The plots of intensity versus 
wavelength for three black bodies at Р 
temperature 7,, 7, and 7; respectively 
are as shown in the figure. Their 
temperatures are such that 


60 


. (c) —10°C 





(a) T, > 7, > Т, 
(с) > Т> Т, 


20. 100 g ice at 0°C is mixed with 100 g water at 20°C. 
The temperature of mixture will be 

(a) —30°С (b) —20°C 

(d) 0°С. 


(b 7, > 7,> 7, 
(d) 75,» T,» Т7). 


21. The efficiency of a Carnot engine operating with 
reservoir temperature of 100°C and —23°C will be 








(a) 100-23 (b) 10023 
373 37 

(с) 100+23 (d) 100-23 
100 100 


22. The total energy of a particle, executing simple 
harmonic motion is 

where x is the displacement from the mean position. 
(a) e x (b) œ x? 

(c) independent of x (d) o Jx. 


23. The displacement time graph of a particle executing 


S.H.M. is as shown in the figure. 
y 


0 f 


The ЕЕ force-time graph of the particle is 


24. Two wave of PEOR 99 cm and 100 cm both 
travelling with velocity 396 m/s are made to interfere. 
The number of beats produced by them per second are 
(a) 1 (b) 2 
(c) 4 (d) 8. 


25. An earthquake generates both transverse (S) and 
longitudinal (P) sound waves in the earth. The speed of 
S waves is about 4.5 km/s and t^-* ^ P waves is about 
8.0 km/s. A seismograph records P and S waves from 
from an earthquake. The first P wave arrives 4.0 min 
before the first S wave. The epicenter of the earthquake 
is located at a distance of about 
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(a) 25 km 
(c) 2500 km 


(b) 250 km 
(d) 5000 km. 


26. If fundamental frequency of closed pipe is 50 Hz 
then frequency of 2" overtone is 

(a) 100 Hz (b) 50 Hz 

(c) 250 Hz (d) 150 Hz 


27. Shown below is a distribution of charges. The flux 
of electric field due to these charges through the surface 
is 





D 
(a) 30/& (b) 20/&% 
(c) g/£, (d) zero. 


28. Two plates are 1 cm apart and potential difference 
between them is 10 volt. The electric field between the 


plates is 
(a) 10 V/m (b) 500 V/m 
(c) 10° V/m (d) 250 V/m. 


29. The radius of nucleus of silver (atomic number = 47) 
is 3.4 x 10-' m. The electric potential on the surface of 
nucleus is (e = 1.6 x 10-!9 C) 

(a) 1.99 x 10$ volt (b) 2.9 x 10$ volt 

(c) 4.99 x 108 volt (d) 0.99 x 105 volt. 


30. The equivalent capacitance between A and B is 


32. A piece of metal weighing 200 g is to be electroplated 
with 596 of its weight in gold. Ifthe strength of available 
current is 2 ampere, how long would it take deposit the 
required amount of gold? [E.C.E of hydrogen is 
0.1044 х 107 g/C, At. wt. of gold = 197.1, At. wt of 
hydrogen = 1.008] 
(a) 1.02 h 

(c) 4.08 h 


(b) 2.04 h 
(d) 8.04 h 


33. A straight wire of diameter 0.5 mm carrying a current 
of 1 A is replaced by another wire of 1 mm diameter 
carrying the same current. The strength of magnetic field 
far away is 

(a) twice the earlier value 

(b) half of the earlier value 

(c) quarter of its earlier value 

(d) unchanged. 


34. An ion enters in perpendicular direction in a 
uniform magnetic field of 4 x 10? Wb/m? with the 


velocity of 2 x 105 m/s. The specific charge of (2). of 
m 


ion = 5 x 10’ coulomb/kg, then the radius of its circular 


path will be 
(a) 0.10 m (b) 0.40 m 
(c) 0.20 m (d) 0.25 m 


35. A moving coil galvanometer has a resistance of 
900 Q. In order to obtain only 10% of the main current 
through this galvanometer, the resistance of the required 
shunt is 

(a) 0.9 Q 
(c) 405 Q 


(b) 100 Q 
(d) 900. 


36. A fuse wire is having 5 ampere current rating. What 


A f fi m „ 15 the peak value of current it can have? 
7 | (а) 0.7074 A (b) 7.07 А 
€ 3C (c) 0.0707 A (d) 7.707 A 
(0) 4 E. 4 37. In a uniform magnetic field of induction B a wire 
(c) E (d) 4C in the form of a semicircle of radius r rotates about the 
3 3 diameter of the circle with an angular frequency w. The 


31. The steady state current through 12 Q resistance in 
the circuit shown in the figure will be 





(a) zero 
(c) 0.6 amp 


(b) | amp 
(d) none of these 
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axis of rotation is perpendicular to the field. If the total 
resistance of the circuit is R the mean power generated 
per period of rotation is 


(a) Bnr o (b) (8 лт? ш)? 
8R 

(c) (B xroy (d) (8 nro’) 
2R 8R 


38. In an electromagnetic wave the average energy 
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density associated with the electric field is given by 





DE 1 2 
(а) 2 Eq (b) 9 e E 

lE І 
(л (d) 2 Bey, 


39. In order to obtain a real image of magnification 2 
using a converging lens of focal length 20 cm, where 
should be an object be placed? 

(a) 50 cm (b) 40 cm 

(c) —50 cm (d) —30 cm 


40. A beam of light of wavelength 600 nm from a source 
falls on asingle slit | mm wide and the resulting diffraction 
pattern is observed on a screen 2 m away. The distance 
between the first dark fringes on either side of the central 
bright fringe is 
(a) 2.4 cm 

(c) 1.2 mm 


(b) 2.4 mm 
(d) 1.2 cm. 


41. Theresotving power of areflecting telescope depends 
(a) on the intensity of light used 

(b) directly on wavelength of the light used 

(c) on the focal length of objective lens 

(d) directly on the diameter of objective lens 


42. Twothin lenses of powers 12 D and 2 D respectively 
are placed in contact, the power, focal length and nature 
respectively will be 

(a) 8 D, 0.8 m, convex (b) 14 D, 0.5 m, convex 
(c) 5 D, 0.2 m, convex (d) 10 D, 0.1 m, convex. 


43. Brilliance of diamond is due to 
(a) shape (b) cutting 
(c) reflection (d) total internal reflection. 


44. A radioactive element has half-life period 1600 years. 
After 6400 years what amount will remain? 

(a) 1/2 (b) 1/16 

(c) 1/8 (d) 1/4 


45. In a hypothetical Bohr hydrogen, the mass of the |, 


electron is doubled. The energy E, and the radius rp of 
the first orbit will be (ag is the Bohr radius) 

(а) Eo = 227.2 eV; rg = ay2 

(b) Ey = 27.2 eV; ro = а, 

(c) Ey = –13.6 eV; ro = ay2 

(d) E, 13.6 eV; ro = ag. 


46. Photoelectric work function of a metal is 1 eV. Light 
of wavelength 3000 À falls on it. The photoelectrons 
come out with velocity 
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(a) 10 metre per second (b) 10? metre per second 
(c) 10* metre per second (d) 109 metre per second 


47. A proton and an alpha particle are accelerated through 
a potential difference of 100 V. The ratio ofthe wavelength 
associated with the proton to that associated with an 
alpha particle is 


(а) v2 (b) 2 
J ы 
() 2/2 @ 35 
48..How many NAND gates are used to form AND 
gate? 
(a) 1 (b) 2 
(c) 3 (d) 4. 


49. Assuming that the junction diode is ideal, in the 


' circuit shown here, the current through the diode is 


100 Q 


v 
< 

N 

< 

I 


"l| 


(a) zero (b) 1 mA 
(c) 10 mA (d) 30 mA. 


50. A T.V. tower has a height of 200 m. How much 
population is covered by T.V. broadcast, it the average 
population density around the tower is 1200 km?? (Radius 
of earth, R = 6.4 x 10% m) i 

(a) 6 x 10° (b) 2 x 106 

(c) 12 x 10% (d) 9 x 106. 


SOLUTIONS 


1. (b): a= |£] = MLT^ and b = 5 =(MLT~ 
2 


2x _ 2x 40x 60 


= 48 = 
60 +40 ae 





2. (b): У 


At AL 
40 60 

3. (a) : Loss of kinetic energy is maximum when balls 

are of equal mass. In such a case the first ball will come 

to rest. 

4. (c) : Time taken to cover и metres is given by . 





1 2 è 2n 
= — of. = ee, 
п= 8, That is t, > 
Time taken to cover (n + 1) metres is given by 
(oo (2+) 


n+l y g 
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Bono [2n _ 
Y # 


ү ғ 
This given ratio as : 
У, aio = wi, 4/5 — V2 and so on. 


5. (b) : Time taken by a body to reach the bottom of an 
smooth inclined plane is given by 


4 | 2l 

~ '|gsine 
where / is the length of an inclined plane, 0 is the angle 
of inclination. 
Since /, g remains the same 


- 2 [vast - үл] 











2 aor 
“N sin 60° NUS 








ley = 4 в. 


6. (c) : Total force on the floor due to boy and school |: 


bag is given by 

F = weight of boy + weight of bag 

or F = (Mass of boy) x g + weight of bag, 
ie. F= Mg + W 
Substituting M = 60 kg; g 
we get F = 640N 

7. (c) : F- f, = ma 

or u, mg- p, mg = ma of a = (W — H) g 
or a= (0.8 – 0.6) 10 = 2 ms? 


= 10 ms?; W= 40 N, 


; Output 75 x 10 x 3 

8. (с) : Efficiency of pulley (n) = ЧЧ _ ^» ХА 7 

Input 250 x 12 

= 0.75 = 75%. 

9. (c) : Potential energy due to height / is given by 
U KR 
U = mgh— Uah D um in 
mg ds m 


Substituting 4’ = 10 cm; й = 20 cm, we get 


"EY Sie МБАЙ? 
Hence, percentage loss of energy is given by 
u= 100 = EU £X. x 100 = 50% 


t0. (b) : The rotational kinetic energy is given by 

K = (1/2)? a(i) 
Неге, / = moment of inertia, œ = angular velocity 
Also from law of conservation of angular momentum, 
we have 
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IQ = constant 
If moment of inertia is doubled, angular velocity will 
be halved to keep the product constant. 
So, we have, / = 2/, W= 0/2 
Hence, kinetic energy of the system becomes 


ik pens. М oY 1[(1 ) 
e -ien(2) e 
K 
2 


Using equation (i), we have K'2— 


11. (c) : Moment of inertia of a solid sphere about diameter 
is given by 

14 = (2/5) mR? ог І, = 0.4mR? ntl) 
Moment of inertia of a hollow sphere about diameter is 
given by 

Jp = (2/3)mR? ог Ip = 0.6 mR? 
From (i) and (ii), we get 1, < J, 


(ii) 


12. (d) : Time period does not depend on the mass. 
Also 7? e r?. 


a 3/2 ы 
p 
T, Pn) 2r J 2/2 
13. (c) : Escape velocity v, =./2gR = J2GM/R 


= 42 x Gx (2M)(R/2) = 2V2GM/R = 2v, 
14..(d) : Relative density = specific gravity 
ы Weight in air 
Loss of weight in water 
вом -9-3 
60N-40N 20 
15. (c) : Weight of the body = Weight of the liquid displaced 


D 
VDg = уйе. Hence 7 TUER 


specific.gravity — 


16. (d) 17. (b) 
18. (d) : From ideal gas equation, we have 
PV = nRT. (1) 
where n is the number of moles of the gas and is given by 
, given mass _ т 
~ molecular mass of О, M 
уе О 
32 
5 


Hence, equation (i) becomes к= RT. 


* 19. (b) : According to Wein's displacement law, 


Am? = constant 
Therefore we can conclude that higher the value of A,, 
smaller the. value of temperature. 
Therefore, 7, > 73 > Tp. 
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20. (d) : The heat supplied 26. (c) : In a closed end organ pipe, we have 


by the hot water = 100 x 20 = 2000 cal. | Vj : 94 : 95 :............... а оаа н. 
The heat supplied is very small as compared to heat |- = IInd overtone = 5th harmonic 
required by 100 g ice (8000 cal) to melt. Because only = 5 x fundamental frequency 
some ice is melted, the temperature is 0°C. і.е, 0; = 5v, 
21. (b) : Efficiency of Carnot engine is given by Substituting v, = 50 Hz, we get 

Т. о; = 5 x 50 = 250 Hz. 
2282 : : 
= Т, 27. (d) : According to Gauss’s theorem, total electric 


Given Т, = 100°C = 100 + 273 = 373 К 
Т, = —23°C = -- 23 + 273 = 250 К 
-1-250 _ 123 _ 100+ 23 
373 373 373 $e. 1479.0 
22. (c) : The total energy of simple harmonic motion is 
given by 


flux through any closed surface is equal to times 


the total charge enclosed by the surface i.e., 


Note that charges situated outside the closed surface 
are not considered to total electric flux. 


1 24 . 
Е = А = 3 
; mo where А = amplitude of S.H.M. 28.(): = = z = 10 Vm™ = 10° NC. 


In S.H.M., as a particle is displaced from its mean position, i v 
its kinetic energy is converted to potential energy and | 29: (a) : Potential at the surface of the nucleus is given 


vice versa. As a result, the total energy of S.H.M. remains | p, y . 1 4 
constant. Hence, the total energy of S.H.M. is independent 4тє, r 
of displacement x. Charge on the nucleus, q = Ze 
23. (a) : In S.H.M., force is given by So, we have е 
F= ma = — тоу ÅRE, Р 
Now, when y = 0; F=0 Substituting Z = 47; e = 1.6 x 107? C; 


And when y = А; F = — mo? А. i.e force is maximum |. = 3.4 x 107! m, we get 
but in opposite direction of displacement. _ 9x10" x 47x1.6x 107" 


Hence, the graph can be drawn as follows : K 34x10 * = 1.99 x 10* V. 
F 30. (d) : The given circuit diagram can be simplified as 
follows : 


0 і ст 


24. (с) : Number of beats is given by n = v — 2, 


or n=—-- or REY dud j 7.206 
А, А, СЩ n Ors аг x 
Substituting v = 396 тѕ-!; A, = 99 cm = 0.99 m; (iit) (iv) 
А, = 100 cm = 1m, we get n = 4. It is clear from figure (i) that first three capacitors are 
: - in series. 
E (€) : Let the distance of the epicenter of the earthquake Hence, equivalent capacitance of series combination is 
e x. given by 
i =. : 
Time taken by S wave, Miis i (1) AOT OY е с. 
„= 
Time taken by P wave, t; = =: ....(ii) Сыр cee Сан 3 
o. 


Now, from figure (ii), it is clear that C; and C both are 
in parallel 
or DEL Жы. Демас [using (i) and (ii)] | Hence, the circuit сап be simplified as shown in figure 


45 T 
On solving, we get x ~ 2500 km . ii). 


According to question, г — f, = 4 x 60 
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Further, equivalent capacitance of parallel combination 
is given by : 


„©. ace 


eee NETS 
31. (d) : Applying Kirchhoff’s loop rule in the given 
circuit diagram, we have 





For loop PORS, 4 = 2.8 h + 12/ 
or 4= 2.8 Г, + 12 (f, + Г.) 


or 4 = 124, + 14.814, „0 
For loop POTU 
2=41 +121 
or 2-41 + 12 (1, + Lb) 
or 2= 16 +12 ...(ii) 


On solving (i) and (ii), we get 
1, = 0.43 А 
Substituting the value of /, in equation (ii), we get 
1,=-0.19A 
Hence, current through 12 Q resistor is given by 
1= 1+1, =-0.19 + 0.43 = 0.24 A 
32. (b) : The mass of gold to be deposited on the metal 
is given by 
5 
т = су * 2007 108. 
According to Faraday’s first law of electrolysis, 


m= Zit = т ли 
ZI 





10 
Here pito ie es amp (i) 
Electrochemical equivalent = Chemical equivalent 

Faraday's constant 
But chemical equivalent = Ашер, 

Valency 


=» Electrochemical equivalent 
= Atomic weight 
Valency x Faraday's constant 


„е [э]. 1] 
A 3 1.008 J 
Substituting Zy = 0.1044 x 10“ g/C, we get 
Za, = 6.8 х 10% g/C (ii) 
10 10 


nS =———— = = 
Z.x2 68x107x2 7352.9 sec — 2.04 h. 
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33. (d) : The magnetic field at a point due to long linear 
current carrying wire is given by 
B= 5.21 
4т г 
It is independent of the radius of the wire. 

34. (a) : In a magnetic field, perpendicular to velocity 
„ОЁ particle. 

ту? m 

— -= B =— 

Р gv orr B 

y 9 i ox 
a( 2} 4x10" x 5x 10' 
m 


P — 0.1 m 


35. (b) : Total current is /. Then 0.1/ will pass through 
galvanometer and 0.9/ will only pass through the shunt 
resistance as both are in parallel, equating potential drops 
0.11 x G — 0.9/ х S, therefore 


36. (b) : Relation between r.ms value and peak value of 
current is given by 


1 
Looe 
= 2 
Given that Zm, = 5A, substituting it, we get 
h = 542 or h = 7.07 A 
37. (b) : Magnetic flux is given by 
ф = B.A = BAcos0 


2 
Substituting 4 = I (for a semicircle); Ө = ом, 
i B xr! 
we get ф = – -— cos of 


Now, induced emf is given by 


н. 49 - Bar cos ar) 
dt dV 2 
On differentating, we get 


Е = 


(i) 


e= i Bnr^osinot 
Power is given by 


єї _ B'n г“ o! sin ot 


= aR (using (i)) 
Substituting the mean value of sin? ot, i.e. 
К 1 (Brr wy 
2 ae = 
«sin? Qt? z» ме get P SR 


38. (b) 


39. (d) : For real image, m= = --2 


or v--2u 
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According to Jens formula, Locbeh 
vu f 
=) LP. 1 
2u и 20 (^f = +20 cm) 
-3 1 
2u 20 or a= 30 ст 


40. (b) : In a diffraction pattern, central maximum is 
twice as wide as any other secondary maximum or 
minimum. 


Therefore, we have B = 2D (where a is the width of slit) 


Centra] maxima 


2AD 
EY) 


a 
Substituting А = 600 nm = 600 x 10? m; 
D =2 m; a= | mm = 1 x 107 m, we get 


-9 
В= 20010-2 = 2400 x 10% m = 2.4 mm. 


41. (d) : Resolving power of a reflecting type telescope 
is given by 





= Resolving power ~ D 


Resolving power = D 
1.2 


= Resolving power of a reflection telescope depends 
directly on the diameter of objective lens. 


42. (d) : Power of the combination of lenses is given by 

P=P,+P, 
Substituting P, = 12 D; P,Z-2D, we get, P=10D 
Further, focal length is given by 

і 1 

= P ‚р om. 
Since the focal length is positive, Therefore the combined 
lens will be convex lens. 
43. (d) : Brilliance of diamond is due to total internal 
reflection. 


ү [1Y 
44. (b) : WO (5) where n is the number of half-lives 
0 


„Жы шш „(= 
AND о \ С X9 2) 16 

45. (a) : Here radius of electron orbit r œ 1/m. And 
energy ЕЁ œ m, where m is the mass of the electron. 
46. (d) : According to Einstein's photo electric equation 


h 1 
25 = + ту? (where фо is the work function) 
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_ 663x104 x3x108 
3000x10 10 


6.63х107'9 = 1.6x1079 +1 ту? 


= 1.6x1079 +1 ту? 


P 


in = 503x107? 
2_ 5.03x10 ^ x2 








= d eom 196 
or 9.1x10 7 л. у= 10° m/s 
47. (c) : Wavelength of charged particle is given by 
х ==. = Au 
2 mqV Ута 
1 
= А, = vme = 219, 
ДИЕЗ: назе 
(4т)(2е) 


48. (b) : Two NAND are used to form AND gate 


A— y 
ae _ ee PD 
Ү= А.В = A.B. 

49. (а) : The diode is reverse biased, so the current 
through it is zero. 
50. (d) : Неге, k = 200 m, R=6.4 x 10°m 
Population density p = 1200 km, р= 1200х 10% m7? 
Population covered = р x zu? = p x п (2hR) 
= 1200x 10*x 3.14 x 2 x 200 x 6.4 x 10% = 9 x 106. 
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1. Which of the following group have different 
dimensions? 

(a) Potential difference, EMF, voltage 

(b) Pressure, stress, Young’s modulus 

(c) Heat, energy, work done 

(d) Dipole moment, electric flux, electric field. 


2. А force F makes an angle 20? with another force F. 
The resultant of two forces is 

(a) Fcos20? (b) 2Fcos20? 

(c) 2Fcos10? (d) Есоѕ10°. 


3. А саг moves a distance of 200 m. It covers the first 
half of the distance at speed 40 km/h and the second 
half of distance at speed v. The average speed is 48 
km/h. Find the value of v. 

(a) 56 km/h (b) 60 km/h 

(c) 50 km/h (d) 48 km/h. 


4. The distance covered by a body moving along X- 
axis with initial velocity и and uniform acceleration а 
is given by 


1 
s=ut+—at* 
2 


This result is a consequence of 
(a) newton's III law (b) newton's II law 
(c) newton's I law (d) none of these. 


5. A food packet is released from a helicopter flying 
at a height of 1 km with a velocity 80 ms"! (when on 
a flood relief mission), the distance at which the packet 
falls from the point of release is nearly 

(a) 1500m (b) 8005/2 m 

(c) 1000m (d) none of these. 


6. A block of mass 2 kg is placed on the floor. The 
coefficient of static friction is 0.4. If a force of 2.8 N is 
applied on the block parallel to floor, the force of friction 
between the block and floor (Take g = 10 m/s?) is 

(a) 28N (b)8N (c) 2N (d) zero. 

7. Two bodies are projected at angles 0 and (90?-0) 
with the horizontal at the same speed. The ratio of their 
maximum heights is 
(a) 1:1 


(b) 1 : tan 
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(c) tan0 : 1 (d) tan?0 : 1 

8. A wooden block of mass 0.9 kg is suspended from 
the ceiling of a room by thin wires. A bullet of mass 
0.1 kg moving horizontally with a speed of 
100 ms" strikes the block and sticks to it. What is the 
height to which the block rises? (Take g= 10 ms). 
(a) 2.5m (b) 5.0m 

(c) 7.5m (d) 10.0 m. 

9. Two bodies with masses M, and M; have equal 
kinetic energies. If P, and Р, are their respective 
momenta, then РР, is equal to 


(a) M,: М, (b) мё :м2 

(с) M; : М, (d) JM; : 4M; . 

10. A bomb of mass 30 kg at rest explodes into two 
pieces of masses 18 kg and 12 kg. The velocity of 18 
kg mass is 6 ms~'. The kinetic energy of the other mass 
is 

(a) 324J (b) 486J 

(c) 256J (d) 5247. 

11. A book of mass 0.5 kg has its length 75 cm and 
breadth 25 cm. Then the moment of inertia about an 


axis perpendicular to the book and passing through 
the ix of gravity of the Mo is 


(a) kg m? 


iy 
2 o лет 


Ст О kg m? (d) 453 2 kgm 

12. A round disc of moment of inertia J, about its axis 
perpendicular to its plane and passing through its 
centre is placed over another disc of moment of inertia 
1 rotating with an angular velocity w about the same 
axis. The final angular velocity of the combination of 
disc is 








ho 

(а) o O Тут, 
Mabe ho 

h (9) hl: 


13. g, and g, denote the acceleration due to gravity 
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on the surface of the earth and another planet whose 
mass and radius are twice to that of the earth, then 


Ee 





(a) £57 2 (b) 8р = 8, 
Se 
(с) g, = 28, (d) £5 J2 . 


14. A body of mass 2 kg is floating in water with half 

its volume submerged. What would be the force 

required to wholly submerge it into water ? 

(a) 2N (b) 9.8N 

(с) 19.6N (d) 4.9N. 

15. When two soap bubbles of radii г, and r, (ғ > rj) 

coalesce, the radius of curvature of common surface is 
m = n 


n 





(b) 


(a) r»— ri 


. AR 
(c) юл 
16. An object entering the Earth’s atmosphere at a high 
velocity catches fire due to 
(a) viscosity of air 
(b) the higher heat content of the atmosphere 
(c) the pressure of certain larger gases 
(d) the higher force of gravity. 


(d) mtr 


17. A polyatomic gas with n degree of freedom has a 
mean energy per molecule is given by 














nKT b) nKT 
(a) N ( 

пКТ 3KT 
(c) 5 (d) 2 


18. One mole of an ideal gas (С„/ Су = y) at absolute 
temperature 7, is adiabatically compressed from an 
initial pressure P, to a final pressure Р,. The resulting 
temperature 75 of the gas is given by 


Py \y-1 б\у 
(a) 7-1 a} (b) n-n[a)" 
А А 
Y »y-l 
Р. P 
(с) в=л[®| (4) в=л| | 


19. The original temperature of a blackbody is 727°C, 
The temperature to which this black body must be 





raised so as to double the total radiant energy is 
(a) 1454 K. 
(b) 2000K 
(c) 1190K 
(d) 917K. 
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20. The rate of heat flow through a cross-section of 
the rod shown below is (0, > 0, and thermal 
conductivity of the material of the rod is K.) 


^ 25 
tay Am -90 (p) Enn +72) (92—61) 


L 4L 


c) Kin n0) 00) (д ftem o гөр. 


21. A mass m is suspended from the 
two coupled springs connected in 
series. The force constant for springs 
аге k, and k,. The time period of the 
suspended mass will be 


x^ m pu mk ky 
(a) T=2n ty (b) 7 = 27 {ЫТ 


=— 


thy tk 


22. Two springs are connected to a block of mass M 
placed on a frictionless surface as shown below. If both 
the springs have a spring constant k, the frequency 
of oscillation of the block is 








т +) 


ЗА, = 
(9) 22 nga 





(c) T-2n 


1 fk 1 [К 
@) x ЙК» тү, 
2n VM 2n V2M 
a o LM. 
к) = (д этү 
23. The im of a plane progressive wave is given 


by У = 5 соѕт | 200¢ - —— | where x and у are in cm and 


1507 
t is in second. The velocity of the wave is 
(a) 2 m/s (b) 200 m/s 
(c) 300 m/s (d) 150 m/s. 


24. Two vibrating strings of the same material but 
lengths £ and 2L have radii 2r and r, respectively. They 
are stretched under the same tension. Both the strings 
vibrate in their fundamental modes, the one of length 
L with frequency v, and the other with frequency v.. 
The ratio 20/0, is given by 


(a) 2 (b) 4 
(c) 8 (d) 1. 
25. Three long straight wires 4, B 4 B 


and C are carrying currents as 
shown in figure. Then the resultant 


force on B is directed 2^ (ЗА 
(a) perpendicular to the plane of 
paper and outward d d 
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(b) perpendicular to the plane of paper and inward 
(c) towards A (d) towards C. 


26. 27 identical drops of water are falling down 
vertically in air each with a terminal velocity 
0.15 ms7!. If they combine to form a single bigger drop 
what will be its terminal velocity? 

(a) 0.3 ms ^! (b) 1.35 ms ~ 

(c) 0.45 ms ^! (d) 0 ms -!. 

27. A given charge is situated at a certain distance from 
an electric dipole in the end on position, experiences 
a force F. If the distance of the charge is doubled, the 
force acting on the charge will be 

(a) F/8 (b) F/4 

(c) F/2 (d) 2Е 

28. A parallel plate capacitor of capacitance C is 
charged using a battery of emf V,. After the capacitor 
is charged, the battery is removed and the distance 
between the capacitors is doubled. Find the new 
energy stored. 


ci C 

ILU. b) = 
(a) 7 (b) n 
(с) су (d) 2crẹ. 


29. Electric charges +10 uC, + 5 uC,—3 pC and 
+8 uC are placed at the corners of a square of side 4/2 m. 
The potential at the centre of the square (V) is 

(a) 1.8x10°V (b) 18у 

(c) 1.8x10°V (d) 18x105 V. 

30. In the circuit shown, the internal resistance of the 


cell is negligible. The steady state current in the 2 Q 


resistor is 
20 





EY DM 289 
(а) 0.6A (b) 0.9A 
(с) 12А (d) 1.5А. 


31. Resistance of a coil is 4.2 Q at 100°C and the 
temperature coefficient of resistance of its material is 
0.004/°C. Then its resistance at 0°C is 

(a) 5€ (b) зо 

(c) 4Q (d) 3.5 Q. 

32. For a given temperature difference which of the 
following pairs will generate maximum thermo e.m.f.? 
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(a) Lead-nickel (b) Copper-iron 
(c) Gold-silver (d) Antimony-bismuth. 


33. One junction ofa certain thermocouple is at a fixed 
temperature 7, and the other junction is at a 
temperature 7. The electromotive force for this is 


expressed by, E=KT-T)| -МТ+Т,)|, 


At, temperature T = T,/2, the thermo electric power is 


(a) kTy2 (b) А7, 
kre kTo 
(с) Y x (d |". 


34. Three bulbs of ratings 40W, 60W and 100W are 
designed to work on 220V mains. Which bulb will burn 
most brightly if they are connected in series-across 
220V mains? 

(a) 40W bulb 

(b) 60W bulb (c) 100W bulb 

(d) All bulbs will burn equally brightly. 


35. Two straight long conductors AOB and COD are 
perpendicular to each other and carry curents 7, and 
I, respectively. The magnitude of the magnetic 
induction at a point P at a distance r from the point 
O in a direction perpendicular to the plane ABCD is 





Ho (f 15) Ho (11-12) 
(a) 2zr (b) 2ar 

#6 | hi до ү,2 . 2472 
(c) а (d) 20419 Mas 


36. For a paramagnetic material, the dependence of the 
magnetic susceptibility x on the absolute temperature 
T is given by 
(а) Xe T 


- 
(c) X "T 


(b) X ~= constant x Т 


(d) X = constant. 


37. The turn ratio of a transformer is 5 and the 
impedance of primary coil is 100 Q. What is the 
impedance of the secondary coil? 

(a) 5000 (b) 1000 Q 

(c) 25009 (d) 10000 Q. 


38. In an electromagnetic wave the energy density 
associated with the electric field will be 


1 
(à) 408 ® ;cr? 
lEt 14? 
к-н dae 
(© YE @ ye 


39. Distance of distinct vision is 25 cm. The focal 
length of the convex lens is 5 cm. It can act as a 
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magnifier of magnifying power 
(a) 6 (b) less than 5 
(c) 5 (d) more than 6. 


40. If a thin prism of glass is dipped into water then 
minimum deviation (with respect to air) of light 
produced by prism will be 


1 1 
> (X. wz (d) ;. 
41. White light is incident on a soap film of thickness 
5 х 105cm and refractive index 1.33. Which wavelength 
is reflected maximum in the visible region? 
(a) 26600 À (b) 8866 À 
(c) 5320 À (d) 3800 A. 


42. The graph between the frequency of incident light 
and the stopping potential is a 

(a) parabola (b) straight line 

(c) hyperbola (d) circle. 

43. In hydrogen spectrum, the shortest wavelength in 
Balmer series is A. The shortest wavelength in Brackett 
series will be 

(a) 2A (b) 4A (c) 9A (d) 16А. 
44. The half-life of radium is 1600 years. The fraction 
of a sample of radium that would remain after 
6400 years 


docte — 1. 
cies тү ч Orme 
45. The wavelength of the K, line for an element of 


atomic number 43 is А. Then the wavelength of the Ka 
line for an element of atomic number 29, is 


f 43^ 42 
w (552 (b) (22) 

(9 4 
(c) B (d) pa 


46. The combination of the gates shown in the fig. 


| 
(a) 7 


B 
(a) OR gate (b) AND gate 
(c) NOR gate (d) XOR gate. 
47. The current gain of a transistor is 100. The 
transistor is connected in common emitter 
configuration. What would be the change in emitter 
current when collector current changes by 1 mA? 
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(а) 1.1 mA (b) 1.01 mA 

(c) 0.01 mA (d) 10 mA. 

48. The width of depletion region in a pz junction 
diode 

(a) increases when a reverse bias is applied 

(b) increases when a forward bias is applied 

(c) decreases when a reverse bias is applied 

(d) remains the same, irrespective of the bias voltage. 
49. In the circuit, the galvanometer G shows zero 


deflection. If the batteries A and B have negligible 
internal resistance, the value of resistor R will be 


500 Q i wem. Б 
12% - B R 2V A 
(а) 500 Q (b) 1000 Q 
(с) 200 Q (d) 100 Q. 


50. A comet moves in an elliptical orbit with an 
eccentricity of 0.20 around a star. The distance between 
the perihelion and the aphelion is 1.0x10? km. If the 
speed of the comet at perihelion is 81 km/s, then the 
speed of the comet at the aphelion is 
(a) 182 km/s (b) 36 km/s 
(c) 121.5 km/s (d) 54 km/s. 


SOLUTIONS 


1. (d): Dipole moment p — ga 

So, its dimensions [2]= [м LT! А} 

Electric flux ф= Е dS So, [0] = [M! L? T? А-!] 
Electric field [A] = [M! L! ТЭ A7]. 

2. (с): А2 = Р? + P + 2F?cos20? = 2F°(1 + cos20°) 


or R? = 2F? (1 + 2с05210° — 1) = 4/F?cos?10* 
or А = 2Fcos10°. 


200 
& bs EE ae 
(9) + 48 0100740) + (1007v) 
iod 2» 1 
pt = =-= —— 
40 v 48 24 
ПОВ О ГАР ьа г 
r 24 40 120 60 | 
4. (d) 


I km 
4— — 
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5. (b): 7# =1000 


f= 1000/5 s — 


t=10V2s 

s =v, X t, where ур is the horizontal component of 

velocity 

у= 80х1 = 8004/2 т. 

6. (a): Minimum force required to move the block 
=uR=pumg=04x2x 10 = 8 М. 

Since the force applied is only 2.8 N, the block fails 





to move. ~. static friction = applied force = 2.8 N. 
„е T y? sin?8 

‚ (4) : Атах 2g 

Y? sin2(90°-0) v? cos? 0 
d ME pem ог Bay = 

g 2g 

тал hax sin?8  tan?6 

Dividing, 75, —~=—3>,= 
h'max, cos“@ 1 


8. (b): Mass of block (M) = 0.9 kg, mass of bullet 
(m) =0.1kg, initial velocity of bullet (u,) = 100 ms"! 
and initial velocity of block (u,) = 0. 
-. Momentum of bullet and block before impact 
= mu, + Mu, = mu. 
Let v be the velocity of the bullet + block after impact. 
Then, the momentum after impact = (m + M)v. 
From the principle of conservation of momentum, we 
have 
mu, = (т + Myv 

mu, _ 0.1х100 _ 


or "——L— -10 ms" 
(Mm) (0940.1) 


1 
Kinetic energy of (bullet + block) = sla M»2..(1) 


Let the bullet + block system rise toa height A. 
At this height, potential energy of (bullet + block) 


= (т + M)gh ....(ii) 
$ v (0? . 
Equating (i) and (ii), we get a А8 
9. (d): Given that : 
A UNE ardores 
am pig va or Ж? M, 
P = Мү zu Mi [M3 [My 
B My, Мүм VM; 


10. (b) : According to law of conservation of 
momentum 

30x0-218x6-*12xv у = —9 m/s 
Negative sign indicated that both fragments move in 
opposite directions. 
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1 
Kinetic energy of 12 kg mass = т” 


=5x12x81=486 J. 


11. (c) : Moment of inertia of a rectangular block 
about an axis through its centre of gravity 


12 IRA 
121 


2 2 
1-95] (3 (2) |-1° „шг 
12-|\4 4 384 : 
12. (b) : From conservation of angular momentum, 
we have 


L = constant. = JŒ = constant = Jo = Г o 
Substituting / = J,, 7^7 (J;+J,) which is total moment 


r 


1] 
hth 





of inertia of combination we get : o'= Qo. 


GM 
13. (a) : £x 








_ GM, 

For earth, 8 = R? 
GM, 
For other planet, ёр = R2 


2 
Ep (Mp AR 


14. (c) : Up thrust = x 1000 g Newton 


In equilibrium position 2g = Ex 1000g 


water 


1000x 2 
45 


15. (с): Caer tae 


where S is the surface tension 
m-* 


16. (a) : Energy is dissipated in overcoming viscous 
force. 
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17. (c) : Mean K.E/molecule = 7 KT 


18. (b) : For an adiabatic process, PV’ = constant. 
The ideal gas equation for one mole of a gas is PV 
= RT or V = RT/P. Therefore, we have 


ET BU 
"um = constant 
TY 
On zai constant ( '.' R is a constant) 
pY- 





т! s n! 
Bri АТ! 


19. (c): From Stefan's law, the total radiant energy 





is given by 
О = eAGT"*t 
\4 
Q т (2) о „э 
Se aed But Se 
О, 11 n. Q 


T, = 727 +273 = 1000 K 
T 1 
! :o T 
2=| —2 94 = ж 
Sen IM 1000 
T,= (1000)(2)" = (1000)(1.19) = 1190 К. 
20. (a): 





nnm 

ОВ еу i icon) 
dt L L 

21. (d) : The effective spring constant of two springs 
kk; 

ky +k 


Tett = 


in series is А = 


Time period, 

[uii +k) 

ү kk | 

22. (b) : The frequency of oscillation of a vibrating 
1н, ії ГЕ ] 

у ›=—,‚— 

spring 15 given by mV M (0) 

Since, the springs are attached in series, each having 

spring constant k, so we have: 


T= omm =2т 
vk 





1 1e dm 
=—+--=— 
ky k k К 
k 
= kay => 
> Nef] 2 


Hence, using relation (i), we have 
: 1 [Rey 1 k 
Dive = ee | a 

M 2n V2M 
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f nx 
23. (c) : The given equation is Y = Эра) 2007 E 


E 


21 2тх 
Compare with У = cos T Xx 


A 
2nt 1 
= — = 200nt T=— = 
а= 5 ст, T 100 0.01 s 
cma PT oe 
T 0.01 
2m x 
А 150 


А = 300 cm = 3 т 

v = vA = 100 х 3 = 300 m/s. 
24. (d) : 
ids by 


Frequency of the fundamental mode is 


v= Num T = tension and р =mass per unit length 
ЮЖ Vp 


Up Q2D T Iu. m 3 his 


vi (Шау Nm 


My _ n(2rY Lp I 





N = 
OW Hi L L 
M, m(ryQLDpo a 
d = — = ir 
Ane RN 77 2L R 
2 
о; nr P 
—_2x =] 
Hence D> UCET 


25. (d) : Force per unit length between two infinitely 
long үл! current carrying conductors is given 


Using this relation, force between 4 and B is given 
к Ho 2x1x2 _ Ho Ж, 


i an W fd 0*7 (0 
_Ho 2x2x3 Ho 12 & 
Е = 
Similarly, “cg 45 at — s v S (и) 


Clearly, from (i) and (ii), we have Fog > F45 
Hence, resultant force on B is directed towards C. 


26. (b) : Let r = radius of small drop 
Ё = n'3r = Зр 


Stoke’s law gives, блету = л g(p-c) Leve ri 


— = 3495 — 9xy 
5) gm Or? 
v; = 0.15 m/s vz = 0.15 x 9 = 1.35 m/s. 
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27. (a) : Ea due to a dipole. 


28. (c) : Charge remains conserved 
л QO=Ch=aCV As С = C/2 
л = 20, 

New energy stored 


ley? => n? =cvè. 


29. (c) : Diagonal BD = 2 m 

(using Pythagoras theorem) 
Hence, ОР = ОС = ОВ = OA = Im 
Potential at the centre of the square 
due to the charges placed at the 
four corners is given by 


(+10uC) (*5pC) 
A Se 7 B5 


(+8uC) Jam (—3иС) 
Wary =k] 2+ 24 B54 
пе вд 


where k= 





Ane, 


On putting the values of 

k= 9х 10° NmC? 

q, = *10x10 C; 4, = *5x10 5C; q,7—3x10 5C; 

q,7 *8x10*C; andr, = 7, = р, = л, = lm, the value of 


е) 
potential at О comes out to be (V) „o = 1.8 x 10° V. 


30. (Ь) : Given : Capacitance of the capacitor (С) 
= 0.2 pF and e.m.f. of cell (E) = 6 V. 

Reactance of a capacitor for a cell, which is a DC 
source, is infinity. Therefore no current flows in 4 О 
resistance. Resistances 2 Q and 3 Q (both in upper 
arm) are connected in parallel. 

Therefore, their equivalent resistance 

2x3 


=120. 
3 





Now, R' and 2.8 Q are in series combination. Therefore, 
equivalent resistance of the circuit. 
R=R4+2.8=1.24+28=4Q 


Current drawn in the circuit, 7 iie =1.5А 


Therefore, potential difference across 2 © resistance, 
И= 18 = 1.5 х1.2= 1.8 Уу 
Thus, current in 2 © resistance 


VP 18 
1,):=—-=—— =0.9 А. 
(4) _ 

31. (b) : А, = А1 + at) 

R, 42 


[OT TOLL RTT PEEL LE 
or 79 T+at 1+0.004х100 


32. (d) : Seeback arranged the metals in a series. 
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| Bi, Ni, Co, Pt, Cu, Mn, Pb, Au, Ag, Zn, Cd, Fe, Sb. 
| The farther the metals are in the series, the greater 


will be thermo-emf produced in the circuit for a given 
difference of temperature between the junctions. 


DI mc | 


33. (а): E=k| Th -2-5 ТИ 


Hence, Thermoelectric power is 


2 2 


At temperature T = 7,/2, 

thermoelectric power = k(Ty — Ty2) = kT)/2. 
34. (a) : Wattage — voltage х current, 

ie.W = VI. But I = V/R. Therefore W = V7/R, 
or R= V/W. 


220x220 
-. Resistance of 40W bulb = — 00 
220x220 
Resistance of 60W bulb = = C» 
220x220 
Resistance of 100W. bulb — —- 74 


Since the bulbs are connected in series, the same 
current / flows through each. The brightness depends 
on РА. Since the 40W bulbs has the highest resistance, 
it will give the maximum glow. 


35. (d) : The magnetic field 
induction at a point P at a 
perpendicular distance r 
from O in a direction 
perpendicular to the plane 
ABCD due to currents 
through AOB and COD are 
perpendicular to each other. 





Hence, В=(В + B2)? 


-1/2 
а (425 {в 2nY | _ 
4л r lár r J Ta 


C 
36. (c) : According to Curie's law, get 


Where C is Curie's constant. 
37. (c) : n = Turn ratio 


V. N, 1, Z, 2, 2 
ана еа ур 
Vo Np 5 2 Zp 


38. (a) : The energy per unit volume in a electric 


1 
field is given by “g = JEE’. 
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39. (a): M= tees 
f 5 


40. (b): 8 = (y- DA 
For glass p = 1.5 
Hence о, = (1.5 — 1) 4 = 0.5 A 








Rost gaa M 3/279 

For glass prism in water He = 7 = 43 8 
1 

Hence 82= Е i|4=5 £ & ui r 

ve ӧ O54 4 
41. (c) : In reflected light, condition for maximum 
intensity is 2utcosr = (2n + ns — A= Aer 

2 2п+1 


| 4x133x 5x10 х1 
Ё (2п+1) | 
Putting л = 0, 1, 2, 3,....we get 
М = 26600A, A, = 8866A 
А, = 5320À, А, = 3800À 
Among these wavelengths, À = 5320A is in the visible 
region. 
42. (b) : According to Einstein’s photoelectric equation 


ho - hog = (žm) 


max. 


T oss 
Burl ney | =eV, 


max. 


h h 

eV, = ho - hu ог Vs= 0 - 00 
e e 

Representing V along x-axis and V, along y-axis, we 


get a straight line with slope (A/e) and intercept 


(-hroye). 


ve 1. 114 
4.0: 37 з 32 


For shortest wavelength in Balmer series, 
ni — 2: Ny = оо 


1 1 1 16 4 
—= Cu а; A'=:— = 4х — = 
A' È 4| R R БА 
44. (d) Ы 2) h 
:—-=|—]| where n--— 
No \2 n2 


Given Ту = 1600 years and ¢ = 6400 years 
t 00 , N (4) 1 


До 1600 No 


45. (c) : From Moseley's law, Jo =а(7-Ь) 
For Kg line, b = 1, yv -a(Z-1) 


c 
Squaring, we get: V — a? (7—1)? or 7-40-10 


с 
or. A2 = 
a*(z -1)2 
For Z = 43, wavelength = А 
S c 
a? (43 -1? DOT (i) 
For Z = 29, wavelength = A’ 
c Ӯ, 
A =—>— w+ (ii) 
a^ (29 - 1 
Dividing eq. (ii) by eq. (i), we get 
4 (49-12. (ay (зу ome 
А (29-1)° (5) (5) bal? 
46. (a) : The: Boolean expression of this gate is 


Y=4B=4+B= A+B 
Thus OR gate is produced. 


„ас ОБОО а] 
Al, - Al, Al, -1 





А 
47. (b) : А" 


1 
AL, s Ur EE or AJ, 2140.01 21.01 mA. 


48. (a) : The width of depletion region in pn junction 
diode increases when reverse bias is applied whereas 
decreases when forward bias is applied. 


49. (d) : Galvanometer will show zero deflection, if 





h-b 
eel 2: 2; б, 
"004R R X R=100Q. 
50. (d) : P represents perihelion position and 4 


represents aphelion position. Then 


go Bee ege cn TR 


f 





81 ~ 1+0.2 dut 3 








=x81= = 54 km/s. 
m 
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Thought Provoking Problems £s 


in FOr hl Vad | 


By: Er. Sudhir Singh * 


5. A disc of radius R is cut out from a larger disc 
of radius 2R in such a way that the edge of the hole 
touches the edge of the disk. Locate the centre of 
mass of the residual disk. 


1. A light thread with a body of 
mass m tied at its end and is wound 
on a uniform solid cylinder of mass 
M and radius R as shown in figure. 
At a moment / = 0, the system is 


6. Two physics teachers one of 50 kg and other of 
set in motion. Assuming the 


60 kg are sitting at two extreme of 4 m long boat 





friction in the axle of the cylinder (40 kg) standing still in water. They discuss a rotational 
to be negligible. Find the time * problem and come to mid of the boat. Neglect friction 
dependence of j | of water how far does the boat move on the water 
(i) the angular velocity of the cylinder during the process? 


(ii) the kinetic energy of the whole system. 
2. A uniform cylinder of radius R ӨЕ Шу» - 


is spinning about its axis with the 

angular velocity o, and then placed 

into a corner as shown in figure. 

The coefficient of friction between 

the corner walls and the cylinder is 

equal to и. How many turns will the cylinder accomplish 
before it stops? 


3. The axis of the 
cylinder given in 
the figure is fixed. 
The cylinder is 

initially at rest. 
The block of mass 





2mgt  _ 2mgt 
2(M+2m) 2(М +2т) 


@=0+ 





m is initially moving to the right without friction and I Io? BaBa те”? 
with speed у. If passes over the cylinder to the dashed | Total KE. = 570 +уту = 
position. When it first makes the contact with the 2145" | 


cylinder, it slips on the cylinder but the friction is 
large enough so that slipping ceases before m looses 
contact with the cylinder. The cylinder has a radius 
К and a rotational inertia Z. Find final speed v,. 













4. Find out centre of mass of a thin. semicircular 
wire of radius R. 
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Only Tha раде 
" L| 


=н = HN, 
.. from above we have 
_ jung umg 


fi and ^= Е 
ї+р- ET 





Retarding torque is provided by the frictional force. 


-( +A) R= Io 





Aug tu) 
R (+p?) 
o? = 00 +200 
Ome - 2: 258 FIO. 
R (Le j^) 
4ug(l- i) 
2 2 
0 = 27и p- 2 , goR(ü*w) 
2л 8zpg (I n) 


3. From impulse momentum 
LA cav) FAT с (i) 
ENR A тст кк с ж M ipe: (ii) 


From (i) and (ii) 
Io 
"o my = mv, + FE 
According to problem v, = Ro = о = v, /R 
from (iii) 
my, 





25 8 7 
VI 

4. Since it is symmetrical 
about y-axis that is why xc, 
will be at origin. Let M is mass 
of the given wire. Considering 
a small element. Its mass 


EQ. M 
dm = (Rag) = M аө 
mR T 


х 
Í R sino 17. ao = 2 
М т 


Yeu = — [ут = 


e 1 
Similarly хем = 7 

f 2R 
Centre of mass =e X 


5. Let O be the origin 

T thickness, and p density 

mass of cutout disk m, = xR?Tp 

its position of centre of mass x, = R 
76 








mass of the whole disk M = z(2RYTp 
<- m, = M-m, = Зл К Tp 
For the whole, the centre of mass is at O 


тух + mR т, Qo m 
loy = —— —— ті O 
CM FEL *——* 
mR —nR/TpR К 


m; злЕ?Тр 73 to the left of O. 


6. m, = 60 kg, 
m, = 40 kg; m, = 50 kg 


x,70,x,72m,x,-4m m; 


Taking O as origin БЕ ms 
-mX + mx, + Хз 
Хем — 1.87 meter 


m + т + т 
When both come at the centre centre of mass will be 
at 2 m from O. 
-. Boat shift = 2 – 1.87 

= 0.13 т 
Boat has to move because position of centre of mass 
does no change as no force is acting. e 
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Thought Provoking Problems 2+ 
WEGRAVITATION 


1. Find the gravitational potential energy of a particle 
of mass m and a thin uniform rod of mass M and 
length L, if they are situated at a distance / apart 
(from the end). Find the force of interaction between 
them. 


2. An artificial satellite of moon revolves in a circular 
orbit whose radius is и times the radius of the moon. 
Assuming that the satellite experiences a resistive 
force due to cosmic dust that depends upon the 
velocity v of the satellite as F = kv?, where k is a 
constant. 


Find how long the satellite will stay in the orbit until 
it falls on the moon’s surface. 


* 


Two neutron stars each of mass 0.74 x 107 kg 
and “adius 11.23 km are separated by a centre to centre 
distance of 90 km. They are initially at rest with respect 
to each other. 


(i) How fast are they moving when their separation 
has decreased to one half of its initial value? 


(ii) How fast they are moving just before they collide? 
(ignore relativistic effect). 


4. A hypothetical planet of mass M has three moon 
each of the equal mass m, each revolving in same 
circular orbit of radius R. The mass are equally spaced 
and thus form an equilateral triangle. Find 

(i) The total potential energy of the system. 

(ii) The orbital speed of each moon such that they 
maintain this configuration. 


5. A planet 4 moves along elliptical orbit around 
the sun. At the moment when it was at the distance 
r from the sun its velocity was equal to v, and angle 
between the radius vector r, and the velocity vector 
v, was equal to о. Find maximum and minimum distance 












By: Er. Sudhir. Singh * 


that will separate this planet from the sun during its 
orbital motion. 


6. A spherical hollow is made in a lead sphere of 
radius r, such that its surface touches the outside 
surface of the lead sphere and passed through its 
centre. The mass of the sphere before hollowing 
was M. With what force will hollow lead sphere attract 
a small sphere of mass m, which lies at a distance d 
from the centre of lead sphere on the straight line 
connecting the centres of the spheres and of the hollow. 


7. A tunnel is dug through the earth along one of 
its diameters. Show that the body dropped in this 
tunnel executes SHM about the centre of the earth. 
Assume the earth is a sphere of uniform density. 


8. A uniform ring of mass m and radius r is placed 
directly above a uniform sphere of mass M and of 
equal radius. The centre of the ring is at a distance 
УЗ from the centre of sphere. What will be 
gravitational force exerted by the sphere on the ring? 


| SOLUTIONS = | [ j 


A P i 
1. wass of element , B 





” 
dm=% ax че Se 





Potential Energy. dU =— 


ay .. "М dx 
i 3% 


LH 


^ [du =- | СМт dx. 
i 


T ee oe os 





GMm "i dx 
Force Fz[aF 2T f 32 


,..GMm 
- KL) 
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2. Let R is the radius of moon. Orbital velocity of 


satellite in an orbit of radius R = J% 
Orbital velocity of satellite in an orbit of radius nR 


| 
Te 
l| 


where M is mass of the moon. 


F= k? o 


r mE = kv? 


dt 


dy exte] [ж E] 
NI UC EINGM NGM 
o ^ [ou У = 

VaR 


i GMIR 
2m 


3. (i) 
Loss in potential energy 


Gmm | Gmm Ste ls egal 2 
axa ED ot _. туу +5 mv 
d TD РТУ] 2 М 2V2 


2 
since m, = m, 


Using energy conservation 
= Gain in kinetic energy 


= m; and v = 0, =” 








ey, # 7.41x10° m/sec. 

€ 

(il) Again using the same concept 
Gmm ( Gm \ | 1 2 

ЕЕ d e Л +» =, тур T ? mv? 

m =m, 





А 1 
2% = am| 


|--=1вав m/sec 
|n*m» d 


4. х= А 


(i) Potential energy = it will be due mutual interaction 


= т; and у =v, = 
| 
between each moon as well as with planet. | 


7. Potential energy = 3 Om 
L 


Gmm | 


x 


; Gm m 
бр =— fe 
2. Potential Energy =—3 R |" «x 


3 Gmm 
( i i) = fy = түй 
х т 


ye,  GMm 
Qv 








43 

It will provide necessary centripetal force 
ту” _ Оті a, om ) „= ОМ. Gm 
R æl 3) Y к Вв 


р? 
5 l m 
Resultant of F. F, & Р, ; Fam, M +4) 
Ы à R^ \ 
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5. From law of conservation of momentum 








ту SiN = MVP = MV — 0 0 7 ш. (i) 
From conservation of energy 
! 2 т, 1 2 ( amun ve 
myo +|- -2my|-4|-——— 
2v ( t ОЕ МД з. (ii) 
From (i) and (ii) 
э ^" 2 
12 П-у л sin 42 vo -] 
= | m GM, 
: i x 
m GM, 
6. Mass of the sphere which is taken out 
__M (к) -4 
кз. 4 71] 9*9 наннын лы 
FaR \2) R " 
d 


Force of attraction 


= Due to bigger sphere — due to smaller (cut) sphere. 











_GM au bo 
2 —2— = GMm| а? RY 
"np cov 
= / 
7. Let the body is at 4 
M A " 
Gm| 4 3 
n Force=F = _ ud 
- 
Ў: 
pr. GMm 
i=- 3 p 
. R . . . 
Since For and negative it will execute SHM. 
= —kr 
GMm 4 GM 
S7 57A, kis force constant. LETS 


Time period f ТО, Be = any H = 84.6 minute. 


8. Gravitationmal field intensity due to ring is given 
by " 
х E L i 
Te GmJ3r_ _ з Gm SO Ring 
= 3 2 : 
8, 2 
2 

|2 +(/3r) P 
~<. Force F- M xJ 
= УЗ GMm 

8,2 








P 
| 
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PHYSICS 4. Two identical balls are rolling without slipping on a 


Section - I (О. No. 1 to 12) 

(Only one option is correct) 
1. A planet is rotating around the sun with angular 
speed Q,. It is rotating about it’s own axis with an angular 
speed œ.. It is given that axes of two rotations mentioned 
above are parallel. The relation between w. and @, so 
that there will always be day on one half of the planet 
and always night on the other half is 


(a) €, can have any value and ©, = 0 
(b) $20, 

(с) 9,220, 

(d) œ, 29/2. 


2. Aboyis pulling a block of mass 20 kg on a smooth 
horizontal floor as shown in figure. The boy is applying 
a constant force of 100 N on the rope. If the block starts 


from rest, its speed after the boy has moved a distance of 


10 m will be 
(a) 5 m/s (b) 10 m/s 
(c) 20 m/s (d) data insufficient. 


3. Aforce F =5ш + xy] + x zk 


is conservative 

is non-conservative 

is conservative along some paths 

may be conservative or non conservative depending 
upon x, y, z. 


By : 





insight Gateway to 175, Kota (Rajasthan). Ph. : 


| must be applied on the water 


horizontal plane as shown in figure. They undergo a 
perfectly elastic collision. Just after the collision the 
speeds of bottom points of balls A and B will be 
respectively (Assume that there is no friction between 
the balls) 





2y, 
(9, 20, 
VT77777777777 
A 
(a) zero, zero (b) 2v, 41 


(c) 3v, Зу, (d) none of these. 


5. A large tank is filled with water (density=10* kg/m’). 
A small hole is made at a depth 10 m below water surface. 
The range of water issuing 
out of the hole is R on 
ground. What extra pressure 


surface so that the range 
becomes 2R (take 1 atm = 
10° Pa andg =10 m/s?) 
(a) 9 atm 
(c) 5 atm 





(b) 4 atm 
(d) 3 atm 


6. А glass tube of 2 mm internal diameter is immersed 
in an oil of mass density 960 
kg/m? to a depth of 
10 mm. If a minimum 
pressure of 172 N/m? is 


—2 mm a 





needed to form a bubble of oil 

radius Imm, the surface 10 mm 
tension of the oil is «ii 
approximately (Neglect D ащ 
atmospheric pressure) et 


0744-2433425, 9352603206 


For detailed answers of the paper, log on to institute's website www.insightiitjee.com 
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(a) 0.02 N/m 
(c) 0.06 N/m 


(b) 0.04 N/m 
(d) 0.08 N/m 


7. In the figure, the block of mass m, attached to the 
spring of stiffness is in contact with the completely elastic 
wall, and the compression in the spring is e. The spring 
is compressed further by e by displacing the block 
towards left and is then released. If the collision between 
the block and the wall is completely elastic then the time 
period of oscillations of the block will be 





2n т 
(a) "VE 

on I 
(b) n 

a pm om dm 
©) Ve S 


8. The excess pressure in a travelling sound wave is 
given by 


Р; т, i 
= sin x-1000- | 
AP 20048 sin |2 3 | 
where P, is the atmospheric pressure. If A = Im then the 


net pressure at a point x = 34 m, and t = 0.15 is given by 
399 401 


YES У ) 
(agg (b) 40024 
P, 
(c) 20045 (d) none of these. 


9. An ideal gas has adiabatic exponent y. In some 
process its molar heat capacity varies as C — &/T, where 
a is a constant. Work performed by one mole of gas 
during its heating from 7, to n7, will be 
(a) alogn (b) alogn — (и —1)5T, 

пі 
(с) alog n — am RT, (d) none of these. 


10. и moles of an ideal 
monoatomic gas 
enclosed — betweentwo 
diathermic, light smooth 
pistons as shown in figure. 
If piston - 1 is compressed 
by a distance x, piston - 2 
moves out by a distance y 
where, 





8 








(by a 
(d y «2x 


(a) у=х 
(c) y> 2x 


11. A converging half lens and a diverging half lens are 
arranged coaxially as shown in figure. O is a point object 
placed on the common optic axis and x - y axes are taken 
as shown in figure. The images of O are formed at 

ү 


100 ст 


50 cm 
F--150cm 





(a) (100, 0), (-25, 0) 

(b) (100, 0), (-75, 0) 

(c) (100, 0), (25, 0), (—50, 0) 
(d) none of these. 


12. A diwali light series consists of и identical bulbs 
connected in series. The whole series is being powered 
by a 220V ideal DC battery. If resistance of one of the 
bulbs is doubled the brightness of that bulb and net light 
output by the total series will respectively 

(a) decrease, decrease (b) increase, increase 

(c) decrease, increase (d) increase, decrease 


Section - II 
(More than one option may be correct) 
(Q. No. 13 to 20) 


13. An initially uncharged capacitor C is connected in 
series with resistor R. This combination is then connected 
to a battery of emf V,. Sufficient time elapses so that a 
steady state is reached. Which ofthe following statements 


| is not true? 


(a) The time constant is independent of V, 
(b) The final charge on C is independent of R 
(c) The total energy dissipated by R is independent of R 


| (d) The total energy dissipated by R is independent of V, 


14. The internal energy of a system remains constant 

when it undergoes 

(a) acyclic process 

(b) an isothermal process 

(c) an adiabatic process 

(d) any process in which the heat given out by the system 
equals the work done on the system 
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15. When temperature is increased 
(a) viscosity of gases increases 
(b) viscosity of gases decreases 
(c) viscosity of liquids decreases 
(d) viscosity of liquids increases 


16. A circular metal plate is heated by placing its centre 

vertically over a candle flame. Then, if the plate does 

not bend then, 

(a) a compressive stress is developed in the plate 

(b) a tensile stress is developed in the plate 

(c) no stress is developed in the plate 

(d) distance between any two points on the disk 
increases in same ratio 


17. Choose the correct statement/s 

(a) For an isotropic body, coefficient of thermal 

expansion is same along all directions 

Fractional change in distance between two points 

on heating is directly proportional to the a along a 

line joining them 

(c) Work done by a non-conservative force must be 
negative 

(d) Temperature of an iron cube of mass 1 kg will be 
dependent on the frame of reference of observer 


(b 


ме 


18. А point charge is placed in front of a conducting 
solid sphere of radius R-at a distance d from its centre. 
The sphere is given a total charge Q. The total 
electrostatic energy of this system is 


2 
"E Q 


(b) less than ү 44507 


do ? 09 
(с) greater than aot E 


(d) insufficient data 

19. Anelectricdipole p= p, (i + j +k) is kept at origin. 
Then, the electric field vector at a point A(1, 2, 3) will be 
(Assuming SI units for all given s 


(a) zero =T (21 +1 l + 20k) 


(b) XJ 
K ^ : Ё 
(с) pE (21 +177 +28k) (d) none of these. 


20. A well insulated box contains water (specific 
heat = c) of mass m, and temperature 7, at time ¢ = 0. If 
heat is being added to it uniformly at a constant rate 
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dO/dt = R and water 

is leaking from it at a 

constant rate eng 
dt 


then the temperature 
of the liquid at time ¢ 





3 ill b 
x! will be 


R m 
T25——d +Т ут = 1 "—|+7, 
(а) 21 |" e] 4(b) Е | 








Rr my ht 
(c) т-а о (9) none of these. 
CHEMISTRY 


Section - I 
(Only one option is correct) (Q. No. 21 to 32) 
21. Which of the following combinations of quantum 


numbers do not represent permissible solutions of the 
Schrodinger wave equation for the hydrogen atom? 


n l m 5 
O 3 0 i - 
(ii) 2 2 0 d 
(ii) 4 3 -4 - 
(у) 5 2 2 d 
у 3 2 2 E 
(а) (Ш) (b) (iv) and (у) 


(c) (ii), (iv), and (v) (d) (i), (ii), (iii), and (v) 
22. POCI, contains P-O bond that involves 

overlap between orbitals of O and P atoms respectively 
(а) рл-рл (b) pr-dx 

(c) 4л-рл (d) o(p-d) 

23. m grams of amixture of Na,CO, and NaHCO, yields 
one mole of CO, on treatment with НСІ, After this 
reaction the solution is evaporated and yields 1.4 mole 
of NaCl. What is the value of т? 

(a) 95 gm (b) 101 gm 

(c) 97.2 gm (d) 92.4 gm 

24. From your knowledge of mechanisms in organic 
chemistry, it is to be expected that carbon atom in 
carbonyl group is normally most susceptible to attack by 
(a) electrophiles (b) nucleophiles 

(c) acids (d) free radicals 


25. SO,Cl, dissociates in SO, and CI,. The average molar | 
mass of an equilibrium mixture of these three gases 

will 
(a) 
(c) remain same 


on increasing the volume of the container. 
(b) decrease 
(d) oscillate 


increase 


26. One mole each of sulphates of sodium, barium, 
copper and aluminium are added to IL of water | 
separately. Their boiling points are observed to be 
Т.Т. T. and T, respectively then 

(a) T, «T, «T, «T, (6) 7,=7,<T, <7, 

(с) 7, <7, <T, «T, (d) 7,<7,<T,=T, 


27. Identify the correct stategent from the given . 
informations. " 


Rate Temp. Frequency 
constant Factor i 
(i) 4>B l*order К, T A | 
(ii) YY P'ordr K(K>K,) T A i 
(a) Reaction (i) is endothermic but reaction (ii) is 
exothermic 
(b) AH > AH, 
(с) E E s 
(d) AS, > AS, 


28. Which ofthe following is never found in native state 
in nature? 
(a) Gold 
(c) Copper 


29. Which ofthe following will sublime on heating ? 


(b) Zinc 
(d) Mercury 


(a) AICI (b) AICI,'6H,O 
(c) BN (d) borax 

30. Na,SnS. contains ionizable 

(а) Na’ ions (b) Sn* ions 
(c) Sn"' ions (d) S.^ ions 


31. If n carbon-carbon bonds are present in C.H, such 
that exactly equal energy is required to break all the 
carbon-carbon bonds, then which of the following may 
be true ? 
(а) m=2n+2 
(с) m-72n-2 
(d) no relation between т and n тау Бе concluded from | 
this information | 
ww 
232; 1 25 


| 
Nem 


(b) m =2n 


© 
on addition of CH; finally produces 


which of the following as major product? 


10 


; (а) Мас! 
i (c) CuSO, 


i 


З 2 


a 


Pry 


Section - ПП 
(More than one option mav be correct) 
(Q. No. 33 to 40) 


33. Aqueous solutions of which of the following salts. 
when electrolysed using inert electrodes, will raise the 
pH of the solution? 

(b) K,SO, 

(d) BaCl, 


34. Which of the following function as weak acids in 


| water capable of decolorising permanganic acid? 


(a) HOBr (b) НРО, 
(c) H.PO. (d) HI 


35. lodine — oxygen bond is stronger in first member of 
which of the following pairs? 

(а) О, HIO, (bi 10°, IOS 

(c) 105, 10, (d) IO,. 107 


36. A solution containing Na’, МО, Cl and SO,” ions, 
all at unit concentrations, is electrolyzed between nickel 
anode and platinum cathode. As the current is passed 
through the cell 

(a) pH of the solution increases 

(b) only hydrogen is liberated at cathode 

(c) nickel is deposited at cathode 

(d) oxygen is major product at anode 


37. For the consecutive reaction 
К, (time! 
ES раи 


obtained depending upon the relative values of k, and k.. 
Which of the following is the correct match ? 


k, -> . 
p 20те) C. following curves were 


Concentration 


Conecnt cation 





Time 


Time 


Figure | 
(a) figure 1(k.< А.) 
(c) figure 1(k, >> k,) 


Figure 2 
(b) figure 2(k,« k,) 
(d) figure 2(k >> &,) 
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38. Let the colour of the indicator Hin(colourless) will 
be visible only when its ionised form (pink) is 25% or 
more in a solution. Suppose HIn (pK, = 9.0) is added to 
a solution of pH = 9.6, predict what will happen ? 
(Take log 2 = 0.3) 

(a) Pink colour will not be visible 

(b) Pink colour will be visible 

(c) % of ionised form will be less than 25% 

(d) % of ionised form will be more than 25% 


39. Which observation/s will be correct about the major 
products X and Y of the following reaction ? 


D D 
SO,CL alc. KOH/A 
——— Y 
peroxide 


p 9 


D D D D 
D. 2D с D. JD 
(c) Xis (d) Y is C 
D D D D 


40. In the given reaction following products are 
expected. 


CH, - Br 


СЇ = 
A 


CH, 
Qr 
(1) (Ш 
OMe 
7 CH,- OMe OMe CH 
iL. arto. 
(Ш) (IV) (V) 


Which observation seem to be correct ? 

(a) Formation of II or V involves a strained carbocation 
intermediate 

(b) IV is the major product obtained by $5,1 reaction 

(с) 1% 1 the major product obtained by El reaction 

(d) In the solvolysis reactions a carbocation 
intermediate is formed 
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MATHEMATICS 


Section - I 
(Only one option is correct) (Q. No. 41 to 52) 

41. Ifthe polynomial f(x) = a? * bx? + cx + d has extrema 
at x = a and x = 2a then 

(a) a, b, carein A.P 

(b) a, b, c are in G.P. 

(c) ба, 4b, 9c are in A.P. 

(d) 6a, 4b, 9c are in G.P. 


42. Let ABC bean equilateral triangle whose orthocentre 
is the origin O. If O4 2 a, OB- b then OC is 


Gy zb (b) >” 
(c) -(a-b) (d) -2(a + b) 


43. If a vertex, the circumcentre and the centroid of a 
triangle be (0, 0), (3, 4) and (6, 8) respectively then the 
triangle must be 
(a) right triangle 
(c) isosceles 

44. Let A= (1,2, ....50} and B= (2, 4, 6, ...... 100} the 
number of elements (x, y) є A x B such that x + у = 50 is 
(a) 24 (b) 25 

(c) 50 (d) 75 

45. The area of the region in the argand plane in which 
z can belong, satisfying the inequalities 1 < |z — 1| < 4 
and 2+2>2 is 


(b) equilateral 
(d) right isosceles 


(a) 157 (b) 15/27 
(c) л (d) none of these. 
А \ 
46. The value of tas [882-1 is equal to 
cos2 ) 
x т 
(a) 5-1 (b) 2-3 
(с) 1-5 (d 7-1 


47. If f (a + x) = f (2a) for all x є R and a is positive 
constant then f (x) is 

(a) a periodic function of the period a 

(b) a periodic function of indeterminate period 

(c) a non periodic function 

(d) a montonic function 


48. C, C,, C,.....is a sequence of circles such that Ce 
is the director circle of C,. If the radius of C, is a, the 
area bounded by the circles C, and C, , , is 
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(a) T 2ng? 
(с) л: 27-1. a 


(b) T 22n-2. а? 
(d) none of these 


49. The graph of the curve 

xi у? — 2xy — 8x — 8y + 32 = 0 falls wholly in the 

(a) 1 Quadrant (b) II Quadrant 

(c) III Quadrant (d) none of these. 

50. Let f(x) be a function which can be expressed as a 

power series such that 

ГО) = pf' (0) = pq f" (0) = pq'......... f”(0) = pq” where 
[ 4" f (x)] 

О a | 

(а) р 

(с) pen 


then HJW) is 


xz 

(b) q 

(€) асе" 
51. If a, B be unequal real roots of the equation 
ах? + bx + с = 0 where a, b, c are real and y is the solution 
of 2ax + b = 0 then 
(а) y» о, y» p (b) y<a,y<B 
(c)a<y<pPorB<y<x (d) none of these. 
52. The angle between the straight lines joining the point 
(71,0) to the common points of 3x — 2y + 2 = 0 and 
3x? + 5xy ~ 3y! 8х + By+5=0 
(a) 1/2 (b) 7/4 
(c) 1/3 (d) none of these. 


Section - II 


(More than one option may be correct) 
(Q. No. 53 to 60) 


53. Which of the following functions are odd functions? 


(a) fo) 


e+ COSX 


(b) Дох) = х? (7+1 +) 
A у 
(с) re» [t fe(x)+2(-x)] 


(d) f(x) = {g(x) + g(x) {A(x) + (—х)) 


54. The determinant 
cos(a+B) sina —cosa 
—sin*(a+f) cosa — sina] is 
cos 2p sinB — cos 


(a) non-negative 

(b) independent of к 

(c) independent of B 

(d) independent of a and В 





*—3n43 


3 x: f (i = SN n 3 
55, H 7 У qm then 
(a) n=1 (b) n=2 
(c) n=3 (d) none of these. 


56. If p^, g and r^ of a Н.Р. with rational terms be a. b 
and c then the roots of the quadratic equation 

ab(q — py? + be(r - qx + ca(p - ку = 0 cannot be 

(a) real (b) rational 

(c) irrational (d) imaginary 


57. In triangle ABC if a + Ё + 
(a at b+e+abe<I 

(b) а + 6- + с2 + Qube «2 
(c) ab + bc + ca < 4/3 


c = 2, then 


a) PEEL. COP ca 
a b 
58. Let PM be the perpendicular from the point 


P( 1,2, 3) tox - y plane. If OP makes an angle Ө with the 


| positive direction of z-axis and OM makes an angle p 


with the positive direction of x-axis where O is the origin 
and Ө and ф are acute angles, then 


fs 
(a) tan @ = = 
b) ѕіпӨзѕіпф = oh 
(b) ф Vid 
(с) tan$ -2 


(d) соѕ0 соѕф = ^u 





59. The line T EX e ыча нүз CH Ve 
x: -y = qi. :0 ifais equal io 
(a) 4 (b) 3 

| (c)-4 (d) none of these 


| 60. Let a and ^. are two given perpendicular vectors, 


which are non-zero. A vector / satisfying the equation 


| rxb =a „can be 


| (а) 7. еке, 


axn 
(b) 25 -—— 
і 








| axb 
| (c) А: 
LT axb 

d) i5ib- —— 
nor re wg 
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PAPER - Il 
PHYSICS 
Section - 1 
Comprehensive questions (Q. 1 to 10) 
Comprehension - 1 
Dulong and Petit's Law 

Dulong and Petit, in 1819, studied the specific heat of 
various elements in a solid state and enunciated a law, 
called Dulong and Petit's law. According to this law, 
the product of the specific heat and the atomic weight 
of all the elements in the solid state is a constant. The 
value of this constant was fixed as 6.4 but it is taken as 6 


at present. The exact value is 5.96 which also agrees with 
the value derived from the kinetic theory of matter. 


This constant is generally called atomic heat of the 
element. Atomic heat of some common substances at 20°C 
has been given in the following table. It can be seen that 
apart from a few exceptions, the atomic heat of most of 
the substances is indeed nearly 6.0. 


Atomic heat ofsubstances at 20°C 


Boon [юз [озю [эз | 
б» [по [| we | tm | 
She | ms | om | sw | 













100 200 
‘Temperature (absolute) „а 


300 400 500 
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It is found that Dulong and Petit's law is not true in the 
case of carbon, boron and silicon. In the case of these 
elements the atomic heats at 20°C are 1.92, 3.32 and 5.11. 
These values differ from the constant value of 6. This 
variation in atomic heat could not be explained on the 
basis of kinetic theory of matter. However, it was found 
by Nernst that the specific heat of substance decreases 
with decrease in temperature and at absolute zero the 
specific heat tends to be zero. Further, he was able to show 
that the specific heat increases with the rise in temperature 
and tends to a maximum value. Therefore, the atomic heat 
of substance tends to a maximum value of six and 
decreases with decrease in temperature. In the case of 
carbon, boron and silicon also, the atomic heat is 6 at 
high temperatures as shown in figure. 


1. Atomic heat of which of the following substances is 
not expected to be near 6.0 at 20?C. 

(a) Zinc (b) Calcium 

(c) Steel (d) Uranium 

2. Dulong and Petit's law is valid for 

(a) only heavy elements (b) all solids 

(c) all elements (d) all solid elements 


3. According to Dulong and Petit's law it can be said 

that 

(a) temperature of elements with higher atomic weights 
is more difficult to change 

(b) temperature of elements with higher atomic weights 
is easier to change 


| (c) heavy elements tend to deviate from Dulong and 


Petit's law 
(d) lighter elements tend to deviate from Dulong and 
Petit's law 


4. Which of the following element deviates most 
strongly from Dulong and Petit's law ? 

(a) Silver (b) Silicon 

(c) Boron (d) Carbon 

5. Using the experimental results of Nernst it can be 
said that, for a particular material, it is easier to increase 
the temperature at 

(a) lower temperature 
(c) 20°C 


(b) higher temperature 
(d) 1009C 


Comprehension - 2 
Visualization exercise 
You cannot always believe what you see. From the 
simplest drawings to complex photographs and artwork, 
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optical illusions have been around ever since paper and 
pencil were first used. Many 3 dimensional objects, when 
drawn on a paper are visualized differently by different 
people. The following questions test your ability to 
visualize 3-dimensional objects and interpret various 
details that they contain : 


6. Looking at the figure 

shown here, which one of 

the following statements is 

the most appropriate ? 

(a) Lowest point of the 
staircase is at 4 

(b) Highest point of the staircase is at B 

(c) If you go from B to A, every step is lower than the 
previous one 

(d) The staircase seems to constantly descend if you move 
your eyes around in clockwise direction 


7. Choose the most JIN 

appropriate statement NN 

regarding the given figure NNNN x = 

(a) The fork has three КУХ М / / 
prongs Y N y / У: EE 

(b) Ifthe fork is inserted E / fe / f / 
in the rectangular ring, / /A fy A , 
then it will touch one / Ж FA 
of the faces of the // EN / 


rectangular ring 
(c) Ifthe fork is inserted in the rectangular ring, then it 

will not touch one ofthe faces ofthe rectangular ring 
(d) There is something wrong with the given figure 


8. Which line on AN 
the right is collinear ч 
with the line on the B 
left? 

(a) P NS 
Бо -. “\ 

(с) R SX 
(d) S PORS 
9. 
(а) аһехароп 


(b) acube 
(c) either a hexagon or a cube y 


(d) atoroid - 
18 


The figure shown here is 








| (d) Atr< 778 


10. The figure shown here has 
(a) only black and white colours 
(b) black, white, grey colours 
(c) no grey colour 
(d) twenty black squares 

and twelve grey circles 






Section - II 
Match the following (Q. No. 11 to 14) 


11. When photons of energy 4.25 eV strike the surface 
of a metal A, the ejected photoelectrons have maximum 
kinetic energy T, eV and de Broglie wavelength А. 
The maximum kinetic energy of photoelectrons liberated 
from another metal B by photons of energy 4.70 eV is 
T ,7 (T,— 1.50) eV. If the de Broglie wavelength of these 
photoelectrons is А, = 2A ,. 


(a) The work function of B8 (P) 2.25eV 
(b) The work function of 4 (О) 2.00eV 
(c) T, (R) 420eV 


12. Four charges, all of the same magnitude, are placed 
at the four corners ofa square. At the centre of the square, 
the potential is V and the field is Е. 


(a) V=0 (P) E=0 
(b) V#0 (О) V#0 
(c) E=0 (R) E#0 
(d) Е+0 (S) V=0 


13. A direct current of density j flows along a round 
uniform steel wire with cross-section radius R. Then the 
magnetic field vector of this current at a point whose 
position relative to the axis of the wire is defined by a 
radius vector F. 


| fe 
(a) zeU xF) (P) forr>R 
[ж See К 
(b) o XT) ч (Q) forr < R 
(c) zero (R) forr=0 


14. For a body executing simple harmonic motion with 


[s 


initial phase zero, which of the following matches best ? 





(а) Ату = 4/2 (Р) у= 4/2 
(b) Atz- 7/8 (О) у> 4/2 
(с) Atv: = (R) у> = 
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Section - III 
Subjective questions (Q. No. 15 to 18) 


15. A tube floats vertically in 
water. The portion of the tube 
producing from the water is 
h= 5 cm. Oil with a specific 
weight of y — 0.9 gf/cm? is 
poured into the tube. What 
length can the tube have so that 
it can be completely filled with 
oil? 





16 The equation of two alternating e.m.f's are 

= 150 sin3771 volts and e, = 150sin(3771 + 60°) volts. 
What is the phase angle between the resultant and each | K 
of the two e.m.f's? 


17. Two transverse sine waves, each of amplitude 4 mm, 
wavelength 2 m and time period 1 s and in phase at x = 0, 
{= 0 are travelling along the x-axis in opposite directions. 
Obtain the equation of the resultant wave and comment 
on its nature. Calculate the maximum displacement at 
x = 2.3 m. Also locate the nodes and antinodes. 


18. A solid cone of radius r,, 
rotate at an angular velocity c . 
An oil of viscosity u and 
thickness Л fills the gap between 
the cone and the housing. 
Determine the torque 7' required 
to rotate the cone, at a constant 
angular speed. 


CHEMISTRY 


Section - 1 
Comprehensive questions (Q. No. 19 to 30) 
Comprehension - 1 


and vertex angle 20 is to 





The pH {-log [H*]} value for pure water is 7.0, whereas 
natural rainwater is weakly acidic. This is caused by 
dissolution of atmospheric carbon dioxide. In many areas, 
however, rain water is more acidic. This has several causes, 
some of which are natural and some of which derive from 
human activity. In the atmosphere, sulphur dioxide and 
nitrogen monoxide are oxidised to sulphur trioxide and 
nitrogen dioxide respectively, which react with water to 
give sulphuric acid and nitric acid. The resulting so-called 
“acid rain” has an average pH of 4.5 value as low as 1.7 
have however, been measured. 


20 





Sulphur dioxide SO,, is diprotic acid in aqueous solution. 
At 27°C the acidity constants are 


SO an t Н.О, == HSO,, 


2(aq) 27(0 3 an 
= [н] [Hso, | =102M 
[so, ] 
HSO. == SO, 


(oq) 3 (aq) 

[sow T 
[m] 

and for equilibrium 


i 


+ Ht 


(aq) 


=10’M 


+ 2H* 


(aq) 


SO 


(aq) 


*HO, == SO, 


27() 3 pore 


ЕЕ ain 


Also for water HO == H*+ OH: 
= [OH] [Н] = 107^ 
(T = 300 K for all questions). 


19. The solubility of sulphur dioxide gas is 24.63 litre in 
1 litre of water at partial pressure of 1 atm. Then the 
concentration of SO, in water saturated with SO, gas (the 
change in volume caused by dissolution of SO, may be 
ignored) (А = 0.0821 litre atm. mol 'К') is 

(a) 12M (b) 0.5M 

(c) 1M (d) 2M 

20. The pH of 0.01 M aqueous solution of sodium 
sulphite will be 

(a) 8.5 (b) 9 

(c) 9.5 (d) 4.5 


21. The dominant equilibrium in an aqueous solution of 
sodium hydrogen sulphite is 


| 2Н80 р == S0,,,* SO ap * HO 
aq) 200%) 3 (aq) 27(D 
The equilibrium constant of the above reaction is 
| (а) 10° (b) 10? 
(c) 1025 (d) 10% 


22. Bromine is added dropwise to a 0.01 M solution of 
SO,. All sulphur dioxide is oxidised to sulphate (VI). 
excess of bromine is removed. Then which of the 
following balanced reactions represent the redox change: 


(a) 2S0, * Br, p 92807 (og * 2Br yt 2H* nd 

(b) H,O, n T ЗО шу + Вг) —SO,/ (29 ^ -2Br,, gy * H 
(c) SO yey) * 2H0o- М -Bry PSO} gp t 2Br yt AH” o 
(d) 280,,,,+3Bry,,)+4H,O,,2280,* ,,) 6Br ,,, + 8H op 
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Comprehension - 2 The white precipitate with (E) dissolves on bubbling (B) 
through its suspension. (E) gives red precipitate with КІ 


3s | NaBH, that dissolves in excess KI to give a colourless solution. 

> (C,H40) Heating (4) with Zn dust and НСІ, a gas (F) is obtained 

(D) (E) that gives a silver mirror of (4) when passed through a 

H,SO, (СН) NBS (C HBr) heated glass tube. (В) turns blue litmus red and finally 
heat 11Д#Т2 СС, li ght n оВ Р е. 
G) Oo i 


( ( 
27. (A) and (B) are respectively 
NaOFi n с 
"pog? 2-Methylnaphthalene Jen ае (a) P, (white) and O, (b) As (s) and CI, 


| 
23. (£) is chiefly 28. (C) and (D) are respectively 


heat (c) S, (rhombic) and О, (d) 1,5) and CLO, 
HC OH CH, OH (a) P,O, and P,O,, (b) AsCl, and AsCI, 
(a) TCO (b) GO (c) SO, and (SO,). (d) LO, and LO, 


29. (E) should be 

(a) Hg,(NO,), (b) Hg(NO,), 

(c) Pb(NO,), (d) (CH,COO),Pb 
30. The gas (F) is 


24. (F) is chiefly (a) HI (b) PH, 








H.C CH, (c) H,S (d) AsH, 
3 MM 3 
\ “ ~“ ! 
(а) "XS (b) fj : | Section - II 
2 
Match the following (О. No. 31 to 34) 
HC Z 31. ColumnI Column II 
(с) (ы (d) нс О 
: || 
A 
"A i “ 
25. (G) is chiefly y (a) | Z Н (Р) Canizzaro’s reaction 
Br CH, | (benzaldehyde) 
HS AS. О 
(а) Ж (b) |(b) H.C-C-0- CH, (Q) Aldol condensation 
Br | | 
нс P H,C (с) H,C-C-C.H. (R) Benzoin condensation 
3 
" D CO (У. 2 
Br deme e NE S) Claisen's condensation 
26. Best choice for (H) is | Ө (furfural) H (5) 
(а) CrO,CI, (b) O./Me,S | 
(c) hot acidified KMnO, (d) cold alkaline KMnO, 32. Reaction Reagent 
Comprehension - 3 "PA Bi же, ke (P) aa 
A solid (4) burns in a gas (B) to form a solid (C) and 
finally a liquid (D). When dissolved in water, both (C) сл С N 
and (D) give white precipitate with AgNO, as well as (E) (b) Reagent pd AN (Q) P $i 
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| G) Green coloured cation which gives green precipitate 


f (i) reagent on addition of NaOH. The precipitate dissolves in 
(c) HjC-C-H ORMO (R) KCN excess NaOH. 
3 (ii) Green coloured cation which gives green precipitate 
OH on addition of NaOH. The precipitate turns brown 
ie on standing. 
| (iii) Blue coloured cation which gives blue precipitate on 
(atic acid) addition of NaOH. The precipitate turns black on 


| heating. 
(d) (a reagent oe (S) Alc. KOH (iv) Colourless cations which give an orange coloured 
ТАСА” precipitate with КІ. 


37. Four vessels, 4, B, C and D contain CH.Li, 


N 
(Жы: CH,OH and CH,-C = C-Na', not 
necessarily in this order. As the solutions are mixed, 
following observations аге made 


33. In order to reach from 
state-(1) to (4), different 
paths are sketched in P-V 
diagram. Choose the correct 
processes (given in the 
second column), for the 








paths stated in the first A+ B a gas is liberated A + C — a gas is 
column. If more than one = liberated - 
processes are involved, choose all. It is given that one of A + D —› no gas is liberated 8 + C + no gas is 
the process is isothermal while another is adiabatic. T liberated | 
(a) (1)—> (2) > (3) 2(4) (Р) Isothermal B+ D — a gas is liberated C + D — no gas is 
(b) (1) > (3) >) (Q) Adiabatic liberated 

(c) (1) > (4) (R) Isobaric Given that all hydrocarbons with less than six 
(d) (1) 9 (5) > (4) (S) Isochoric carbons are gaseous at room temperature; CH,NH, and 


CH,-O-CH, are also gaseous at room temperature. 


h кү I (loger Ж йу keen Identify (4)-(D) giving reactions and necessary logic. 
(b) CaCO, (Q) maximum lattice 38. (a) A sample of ozonised oxygen is passed over a 
energy bed of RuO.,, in a broad pipe. As it leaves the pipe at 
(c) MgCO, (R) hydration energy « constant pressure of five atmospheres, the following 
lattice energy equilibrium may be assumed to be established : 
(d) BaCO, (S) hydration energy > RuO,, + Оз == RuO,, + O,,, In flowing and out 
lattice energy flowing gaseous mixtures nt 20% апа 12.5% оѓ 
Section - III | ozone by volume. Estimate K, for the given reaction at 


Subjective questions (Q. No. 35 to 38) this temperature. 

35. [A] (i) A colourless cation which on addition of HCI (b) Anisothermal vessel contains air saturated with water 
gives white precipitate which disappears on boiling. | vapour at a total pressure of 600 torr. Find the pressure in 

(ii) A carbonate which, on heating, gives a yellow solid the vessel as its volume is (i) doubled (ii) halved. (Vapour 
which turns white on cooling. pressure of water — 60 torr at this temperature). 

[B] A colourless crystalline solid (A4) is insoluble in water. 
It dissolves in molten NaOH to give a water soluble 
product (B). Acids, in general, do not attack (4) but it Section - I 
dissolves in hydrofluoric acid to give a solution which, 
when evaporated to dryness, leaves no residue. Identify 
A and B. 


36. Identify the following species. Give balanced {x} and [x] denote the fractional and integral parts of a 
chemical equation for the reaction involved as well. | real number x respectively 





Comprehensive questions (Q. No. 39 to 50) 


Comprehension - 1 
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log 2 


Statement : The values of ‘a’ for which the equation | f(x)=xt [ ло? e (e +e”) dy 


? (x — 2a. + 1) = 1 — oC, has à 
bit (h ) А | Now, f(x) can also be written as f(x) = х + (a + b)e* 


39. No real roots, when a € 
47. Find the value of a. 





42. If [o] < 0 then equation have two real roots ifa, € 49. Find the f(x). 


xoi 
(а) =y] (b) (1, 5/4) 
Ar 2 log 2 Іор 2 

(c) (-1, 1) (d) none of these. (a) [ FQ) ау (b) [ РО) е-е dy 

0 0 
40. Exactly two real roots, when a € S 
(a) (-1, 1) (b) (1, 5/4) (c) | foe ay (d) none of these. 
(c) (7, -1) (d) none of these. 0 

48. Find the value of b. 
41. Four real roots, a € log2 log 2 
(a) flogy & (b) Í ЈО) e dy 
(a) Cl, I) (b) € -»4 t | è a 
log 2 

(с) (=œ, -1) (d) none da (c) [ FQ) e» ау (d) none of these. 

0 
(а) (œ, 1/2] (b) (оо, 5/4) 
(c) C1, 1) (d) none of these (a) [ 1-31g2 \ (bj [2ке \„ 

1+2 1082 1—3 log2 

Comprehension - 2 

The vertices of a AABC lies on a rectangular hyperbola 1-3 log2 |, " 
such that the orthocentre of the triangle is ( 3, 2) and the | (€) x * AE. log2 - (d) none of these 





asymptotes of the rectangular hyperbola are parallel to 


the coordinate axis. If the two perpendicular tangents of | 50. If log 2 taken as base 2, then find x such that f(x) 





the hyperbola intersect at the point ( 1, 1 ) increases. 
43. The equation of the asymptotes is fs T 3 ) 
(a) xy-l=x-y (b) ху+1=х+у (a) (%, 1) (b) sem Be 5 | 
(c) 2ху=х+у (d) none of these. / 5 } 

—%, log, — 
44. Equation of the rectangular hyperbola is ©) | E 2) (d)enone ofthese 
(a) xy 2х+у- 2 (b) 2xy=x+2y+5 ] 
(с) ху=х+у+І (d) none of these. Section - II 


Match the following (Q. No. 51 to 54) 


45. Number of real normals that can drawn from the point rem 
tan x, |x|>1 


( 1, 1) to the rectangular hyperbola is 


2 
(a) 4 (b) 0 51. (a) [eee S edel (Р) -1 
(c) 3 42 я 
' then f (x) is 

46. The ratio of the portion of the intercept of the not differentiable at x equal to 
asymptotes and rectangular hyperbola by a line is (b) f(x) = (x? — 4) 2 - 5x + 6| + cosh] (Q) 1 
(a) 1:2 (b) 3:2 is non derivable at 
(с) 1:1 (d) none of these. x equal to 

Comprehension - 3 (c) If sin(x + y) = e '» —2, then 2 (R) 2 
If f (x) satisfying the equation, is equal to Contd. on page no.80 
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[т page. xé and qo! 


Contd. from page no. 26 
(d) Let f: А — R is defined by the 
equation 
fo + у) =f HSO) Ух уєЄ К, 
f (0) #0 and f’(0) = 2, 


fx). 
then is equal to —2 
f(x) ч 


(S) 3 





52. (а) The sides ВС, СА and AB of 

a triangle ABC are 
x+2y=1,3x+y+5=0 and 
х-у+2 = 0. The equation 

of the altitude through В is 

The image of the line 

x —2y = 1 in the line 

х+у= 015 

A right angle ABC with 

sides AB, BC, CA in ratio 

5: 4:3 moves such that A 

and B always lie on the 

positive x and y axes 
respectively. The locus of C is 
A (1, 2), B(-1, 5) are two 
vertices of a triangle ABC 
whose third vertex C lies on the 
line 2x + y = 2. The locus of the 
centroid of the triangle is 


(Р)2х-у=1 


(b 


ми 


(О)2х+у= 3 


м 


(с (В) Зх – 4у = 0 


(а 


— 


(S) 4x + 3y =4 


(T) x-3y +4 20 


53. (a) lim x сов sin = = 


T 
8x EC (P R 


.. tanj-r’]e -[—л?°]х” S 
(b) E sin*(x) 


Q /2 


r ee = 
imj- = 
x Vx+cos x+sin x 


©) R = 


(D) time & 21 


(T) 0 
54. Consider a system of three linear equations in three 
variables x, у, 2 
axtbyctcztd. = 0 
a,x + by +¢,7+d,=0 
a,x + b,y +c,z + d, = 0, which represent planes P,, Р, and 
P, respectively 
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а, D, C, > G d, 


a b с, 
Let A =|% b “land B = 





a b c, d, 
a, b, €, ‘| now 
a, 
match the entries from the following columns: 
(a) If rank of A = rank of (P) are coincident 
В = 3 then the planes 
РЫР ЕР, 
(b) If rank of A =2 and rank of (Q) are parallel 
В =3 then the planes P, Р, P. 
(c) If rank of A = rank of (R) from a prism 
В = 2 then the planes 
PVP. IP 
(d) If rank d А — rank of В = 1, (S) intersect along 
then the planes Р, P,, P, a line 
(T) intersect in a 
unique point 
Subjective questions (Q. No. 55 to 58) 


55. The general value of © such that the line 
xcosa + ysin& = p is a normal to the curve 


(х+а)у=сіѕ 


Indian space science has arrived 


On Jan 10, 2007,.with the help: of our 
launching rocket PSLV-C7, four satellites 
- were launched simultaneously, of which two 

of them are the satellites. of Indonesia and 
i р: 

1 By ‘succeeding in the very first experiment 

| for the recovery of our space capsule, 

| SRE-1, India joins the elite club of space 
countries - USA, Russia and China who have 
been: successful in this field. 

Now we have the ability to reuse. our capsules. 

The two satellites one for meteorological 

studies: (Каїрапа - I) and another for high 
| resolution mapping «a the world's surface for 

resources including underground water is 

Bound to benefit the world by prediction of 
| disasters and information on how well they 
- can becontrolled as well as the best utilization 

of resources. 

Aavishkan Feb 2007 by Radhakanth Anthwal 
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56. А, is the area bound by lyl = 4— x? and А, is ће area | 5. (8) 6. (d) 7. (4 8. 
A, 9. (c) 10. (a) 
bounded by lyl = 4 — x? and lyl = Зх then A is equal to П. (aR(bP(oOQ 
12. (а) (P, R) (b) (P, R) (с) (5, О) (d) (S, О) 
57. The exhaustive set of values of 'a' for which all the | 13. (а) О (ЫР (с) К 
solutions of the inequation 14. (a) R œ) Q (c) Q (d) P. 
(a 12 — (a +la— 1+ 2)х + 1 > 0 are the solution ofthe | 15 50cm 16. 30 17. 47 х 107 mm 
inequation x? + 1» 0 аге 18. ЛО [А 
2h эїпӨ ° 
ae n 19. (c) 20. (с) 21. (d) 22. 
АЕ limi: aot” saat | 23. @) A @ 2. ©) 26. 
27. (b) 28. (b) 29. (a) 30. 
then is (x)= Un) (where [-] is the greatest integer | 31, (а) (P, В) œ) S (c Q ( (PR) 
Bae 32. (а) (R, S) (b) (Р, Q) (с) R (d) (P, Q) 
function) is equal to 3. (a) (RS) O PS) (с) О (ДУ RS) 
ANSWERS 34. (a) (Q. S) (b) R (с) R (d) (P, R) 
PAPER I 35. (a) (i) Pb, (ii) ZnCO,, 
(b) A = SiO, or В,О, 
1. (b) 2: (b) a (b) 4. (с) 2 DEA З 
5. (d 6 0 7 @ 8. (a) КВЕСТ: ABO, A 
9. (c) 10. (b) 11. (a) 12. (d) 36. (i) Cr (ii) Fe (iii) Cu (iv) Hg 
13. (с) 14. (abd) 15. (ac) 16. (ab) | 37. A= CH,OH; 
17. (a,b) 18. (b) 19. (b) 20. (b) В = CHLi; 
21. (d) 22. (b) 23. (d) 24. (b) C = CHC = CNat; 
25. (b) 26. (b) 27. (c) 28. (b) D = Ph- NH, 
29. (a) 30. (a) 31. (b) 32. (d) 38. (а) 1.875 atm; (b) (1) 300 torr, (ii) 1140 torr 39. 
33. (ad) 34. (a,c) 35. (d) 36. (a,c) 40. (a) 41. (d) 42. (a) 43. 
37. (ab) 38. (b.c) 39. (b,c) 44. (c) 45. (d) 46. (b) 47. 
40. (abd) 41. (d) 42. (c) 43. (с) 48. (c) 49. (c) 50. (b) 
44. (a) 45. (b) 46. (c) 47. (b) 51. (а) (Р, О) (6) 5 (0) О Е 
48. (0) 49. (а) 50. (c) 51. (c) 52. (aT (b) P (с) R (4 Q 
52. (a) 53. (a,b,c,d) 54. (a,b) 55. (a,b) 53. (ар (b) T@R@Q 
56. (е,0) - 57. (a,b,c) 58. (a,c) 59. (ас) 54. (a)T (b) R (с) S (d) P 
60. (a,b,c,d) ` 3 
PAPER II 55. [arms 5. Ona Jul Arn, n2 56. 
1. (c) 2. (4) 3. (b) 4. (d) 57. aé oor no value 58. 2 


School students 


Parents | 


ш 
aspiring to be Engineers from IIT S 


(a) 


(c) 
(a) 
(d) 


(a) 
(b) 
(c) 


19/64 


his book is meant for complementary study along with your regular preparatory material for IIT-JEE. It is 

directed in building the psychology possessed by successful candidates in the minds of the readers. You 

would definitely need to work hard along with having a thorough understanding of the psychology, 
however, having an understanding of 'how the successful people think', you would reduce the effort required for 
preparation by mani-fold and at the same time increase your chances of success, 


This book will: e- Help you motivate yoursell e : Help you program your brain for optimal performance ө Give you plenty of 

hotshot ideas on how to sail through the IIT JEE examination ө Actually help you visualize and crystallize your success 
Ге Share with you top secret study and, test; taking mantras e Make you aware of ALL Supplementary. lecon that can 
“enhance your performance -— relaxation, practice, the role of the teachers and much more. 


“PSYCHOLOGY 
OF SUCCESS 


Ms A 
it. JEE 
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( UP CPMT ) 


(AIIMS ) (CBSE ) (DPMT ) (AFMC || VMMC) (EAMCET) (WB-JEE) ( BHU ) CMC ) 
2007 Medical Entrance Exam 


Practice Test Paper EID 


(MP PMT] IMGIMS) (PMDT Bihar ) (PMT Haryana) (Kerala РМТ) (Raj. PMT)  TNPCEE ) 


1. Préssure gradient has the same dimension as that of 
(a) velocity gradient (b) potential gradient 
(c) energy gradient (d) none of these. 


2. A food packet is released from a helicopter which 
is rising steadily at 2 ms". After two seconds, the velocity 
of the packet will be 
(а) 17.6 ms! 

(c) 8.6 ms"! 


(b) 5.6 ms"! 
(d) 4.6 ms". 


3. A particle moves so that the displacement x at time 
t is given by x? = 1 + 2. What is its acceleration? 

l cd i # ap 
Qr. OF OFS 05 
4. A ball is thrown up at an angle of 30? with the 
horizontal. If R and H represent its horizontal range 
and maximum height reached, then 
(a) R-2H (b R=H 
(с) R= HI2 (d) R-443H. 


5. [Ina rocket of mass 1000 kg fuel is consumed/at 
a rate of 40 kg/s. The velocity of the gas ejected from 
the rocket is 5 x 10* m/s. The thrust on the rocket is 
(b) 5x 10* № 
(d) 2 x 103 N. 


(a) 2x 109 № 
(c) 2 x 106 № 


6. Whatisthe maximum 
value of the force F such 
that the block shown in 
the figure does not move? 
(a) 20N (b) ION 
(с) 12N (d) 15N. 


7. Which one of the 
following physical quantities 
is represented by the shaded 
area in the given graph? 
(a) torque 

(b) impulse 


force 


distance 


24 





(с) power (4) work done. 


8. Ifthe momentum of a body increases by 50% its 
kinetic energy will increase by 


(a) 50% (Ы) 100% (с) 125% (а) 150%. 


9. A2.5kgmass moving ata speed of 15 m/s collides 
with 5 kg object initially at rest. They stick together. 
Find thg velocity of the combination after the collision. 
(a) 15 m/s (b) 5 m/s 

(c) 20 m/s (d) none of these. 


10. The moment of inertia of a thin circular disc of 
mass M and radius R is minimum about its axis passes 
(a) through centre and perpendicular to the surface 
(b) through centre but parallel to the surface 

(c) tangential but perpendicular to the surface 

(d) tangential but parallel to the surface. 


11. If the earth shrinks to half of its radius without 
change in mass, the duration of the day will be 

(a) 48 hours (b) 24 hours 

(c) 12 hours (d) 6 hours. 


12. For a satellite escape velocity is 11 km/s. If the 
satellite is launched at an angle of 60? with the vertical, 
then escape velocity will be 

(a) 11 km/s (b) 114/3 km/s 

(с) 11/43 km/s (d) 33 km/s. 


13. The time period of a satellite of earth is 5 hours. 
If the separation between the earth and the satellite is 
increased to 4 times the previous value, the new time 
period will become 
(a) 20 hours 
(c) 80 hours 


(b) 10 hours 
(d) 40 hours. 


14. A wire of length Z and cross-sectional area A is 
made of a material of Young's modulus Y. If the wire 
is stretched by the amount x, the work done is 
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YAx* 


YAx 2YAx! 
(b) ^p (c) L 


15. A wooden cylinder floats in water with two-thirds 
of its volume inside water. The density of wood is 

1000 2000 
(а) kg/m? (b) 


(c) s kg/m? (d) 250 kg/m?. 


3 


16. A rectangular vessel when full of water takes 
10 minutes to be emptied through an orifice in its bottom. 
How much time will it take to be emptied when half- 
filled with water? 
(a) 9 minutes 
(c) 5 minutes 


kg/m? 


(b) 7 minutes 
(d) 3 minutes. 


17. Atthe same temperature the mean kinetic energies 
of molecules of hydrogen and oxygen are in the ratio 
(а) 1:1 (6) 1:16 (c) 8:1 (d) 16:1 


18. Universal gas constant is equal to 
(а) Cp/Cy (b) Cp- 
(c) C» * Cy (d) Cy/Cp. 


19. The temperature of 100 g of water is to be raised 
from 24°C to 90°C by adding steam to it. The mass of 
the steam required for this purpose should be 

(a) 5g (b) 10g (c) 12g (d) 15 g. 


20. A quantity of perfect gas at 15?C is adiabatically 
compressed to one-fourth of its volume. The final 
temperature is (y = 1.4, (4)?^ = 1.74) 


(a) 200°C (b) 228°C (c) 3009C (d) 328°C. 


21. Ifthe temperature of a perfectly black body measured 
in Kelvin is doubled, then the energy radiated per second 
becomes 

(a) twice the original value 

(b) 16 times the original value 

(c) half the original value 

(d) 4 times the original value. 


22. A spring-mass system oscillates with a frequency 
v. If it is taken in an elevator slowly accelerating upward, 
the frequency will 
(a) increase 

(c) remains same 


(b) decrease 
(d) becomes zero. 
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23. What is the maximum acceleration of the particle 
executing the simple harmonic motion? 


y- 2sin| +4] where 2 is in cm 


[S] 





(a) E cm/s? (b) x cm/s" 
(c) T emis (d) = cm/s? . 


24. To increase the period of a pendulum by 10 percent, 
the length should be increased by (in percentage) 
(a) 21 (b) 11 (c) 10.5 (d) 10. 


25. For the travelling harmonic wave 

у = 2.0cos(10t — 0.0080x + 0.35) 
where x and y are in cm and / in s. What is the phase 
difference between oscillatory motion at two points 
separated by a distance of 4 m? 
(a) 1.2 rad (b) 2.5 rad 
(c) 3.2 rad (d) 4.2 rad. 


26. A railway engine and a car are moving on 
parallel tracks in opposite directions with speed of 
144 km hr! and 72 km hr^!, respectively. The engine is 
continuously sounding a whistle of frequency 500 Hz. 
The velocity of sound is 340 ms”. The frequency of 
sound heard in the car when the car and the engine 
approaching each other will be 


(a) 200 Hz (b) 300 Hz (c) 400 Hz (d) 600 Hz. 


27. А cube of side b has a charge д at each of its vertices. 
The electric field due to this charge array at the centre 
of the cube is 





(a) zero (b) Жый 
= s 
(e) £b? (a) 8e i. 


28. There is a solid sphere of radius R having uniformly 
distributed charge throughout it. What is the relation 
between electric field E and distance r from the centre 


(н < Ryo 
(а) Ec r? (b) Ex кі 
(c) Eer (d) E e Р. 


29. Find the value of the capacitance C as shown in 
the figure, if the equivalent capacitance between point 


45 


A and В is to be 1 pF. 
C 
(a) 24 НЕ ao! 


(b) 53 HF 





30. In an electric circuit 
shown, each cell has an 
e.m.f. of 2 V and internal 
resistance of 1 О. The 
external resistance is 2 Q. 1 


R-2Q 


HH 


2V,1& 
The value of the current / 
is (in A) 
(a) 1.2 (b) 2 (c) 3 (d) 0.4 


31. At what temperature will the resistance of a copper 
wire become three times its value at 0°C? (Temperature 
coefficient of resistance for copper = 4 x 10? per °C). 
(a) 400°C (b) 450°C (с) 500°C — (d) 550°C. 


32. A silver and a copper voltameter are connected in 
series with a 12.0 volt battery of negligible internal 
resistance. 0.806 g of silver is deposited in half an 
hour in the silver voltameter. The mass of copper 
deposited in the copper voltameter during the same 
period is (Given:ECE of silver = 1.12x10 kg С-!, 
ECE of copper = 6.6 x 107 kg C^). 

a)42g  (b)45g (c) 48g (d) 50 g. 


33. An electrical bulb rated for 500 W at 100 V is 
ased in a circuit having a 200 V supply. The resistance 
that one must put in series with the bulb, so that the 
»ulb delivers 500 W is 
a) 1092 (Ы 20Q - 


(c) 300 (а) 400. 


34. Magnetic field intensity in the centre of coil of 
50 turns, radius 0.5 m and carrying a current of 2 A is 
a) 0.5 x 10^ T (b) 1.25 x 10^ T 

с) 3x 105 T (d) 4 x 105 T. 


35. Relative permeability of iron is 5500. Its magnetic 
susceptibility is 
a) 5500 x 10? 
c) 5501 


(b) 5499 
(d) 5500 x 107. 


36. An aeroplane with a wingspan of 30 m flies at 


l6 





horizontal speed of 100 ms“ іп a region where the 
vertical component of the magnetic field due to earth 
is 5.0 x 10-5 Wb m2. What is the potential difference 
between the tips of the wings? 


(а) 0.15 V (b) 03V (c) 04У (d) 05 V. 


37. Alternating current cannot be measured by D.C. 
ammeter because 

(a) A.C. cannot pass through D.C. ammeter 

(b) A.C. changes direction 

(c) average value of current for complete cycle is zero 
(d) D.C. ammeter will get damaged. 


38. A parallel plate capacitor has circular plates, each 
of radius 5 cm. It is being charged so that electric field 
in the gap between its plates rises steadily at the rate 
of 102 V m^! s*!. Then the displacement current will 
be 

(a) 0.02 A 
(c) 0.07 A 


(b) 0.04 A 
(d) 0.09 A. 


39. The distance that a beam of light of wavelength 
500 nm can travel without significant broadening, if 
the diffracting aperture is 3 mm wide is 


(a) 10m (b)i5m (с) 18m (d) 20 m. 


40. The radii of curvature of the surfaces of double 
convex lens are 20 cm and 40 cm respectively and its 
focal length is 20 cm. The refractive index ofthe material 
of the lens will be 

(a) 4/3 (b) 5/3 


(c) 3/4 (d) 3/5. 


41. An object is placed 10 cm in front of a lens forms 
a real image three times magnified. The focal length 
of the lens is 


(a) 6.5 ст (b) 7.5 ст (с) 8.5cm (d) 9.5 ст. 


42. How тапу kV potential is їо be applied on X-ray 
tube so that minimum wavelength of emitted X-rays 
may be 1 А? (h = 6.625 x 10-34 J-s) 

(a) 12.42 kV (b) 12.84 kV 

(c) 11.98 kV (d) 10.78 kV. 


43. The kinetic energy of a-particle is 107? joule. It 
shows a recoil scattering with gold nucleus (Z = 79). 
What will be the maximum radius of the nucleus? 
(а) 2.54 x 107^ m (b) 3.64 x 10°74 m 

(c) 1.22 x 107^ т (d) 1.81 x 10-4 m. 


44. A deuteron is bombarded on 40! nucleus then 
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a-particle is emitted then product nucleus is 
(a) М” (b) :B? (е) Ве (d) N". 


45. 
(a) 
(b) 
(d) 
46. Which of the following has the same mass as that 
of electron? 
(a) proton 

(c) positron 


The reverse process of pair production is called 
annihilation of matter 

о-аесау (с) radioactivity 
carbon-nitrogen cycle. 


(b) hydrogen atom 
(d) neutron. 


47. The given circuit performs the logic function of 


— ML 


(a) NAND gate (b) OR gate 
(c) XOR gate (d) AND gate. 


48. In a common base circuit, the collector current 
changes by 0.04 mA when the collector-base voltage 
is changed by 0.5 volt. Output resistance in kQ is 
(a) 6 (b) 20 (c) 16 (d) 12.5 


49. A potential barrier of 0.50 V exists across a p-n 
junction. If the depletion region is 5.0 x 1077 m wide, 
the intensity of the electric field in this region is 

(a) 1.0 x 105 V/m (b) 1.0 x 10° V/m 

(c) 2.0 x 105 V/m (d) 2.0 x 10° V/m. 

50. Which of the foilowing has maximum energy? 


(a) radiowaves (b) infra-red waves 
(c) ultraviolet rays (d) microwaves. 


| SOLUTIONS 


ua al Oe cere р 
1. (d): Pressure gradient = * к y 





ГАБ, 
= [ML?T?]. 
Velocity gradient = ym. 
+ 2-2 : 
Energy gradient = £ MLT- IMLT*] 
; NUN а. сш 
Potential gradient = > үн ах 
2-2 
= MT =[MLT@A™], 


ATL 


2. (a): The initial velocity of the food packet will be 
equal to that of the heiicopter, but in the opposite 
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direction. 
Hence, и = -2 ms, g = 9.8 572, = 2 5 

Final velocity, у = и + gt 

=—2+9.8 х 2 = 17.6 ms", 

3. (0): х2= 1 + 2. Therefore 2х9 = 24 
ax 
Le. x> =t. 
Differentiating with respect to time again, we, get 





GE dug 
a) а? 
eal ley 
d? x dt x x 
4. (dy: 3251829 É ginoo = 3 
g€ g 2 
= и? sin? 8 * и? sin? 30° ut 
2g 2g 8g 
к V3 5 > 
Hence = 2=>:8=4V3 > R=43H. 
H 2 
5. (с): Pavol =5х10* x 40=2x10° N. 


6. (2): Free body 


diagram of the block 
shown by a dot is drawn 
аа ганаа Fcos60? 


| 


————ф 20 


here. 
For vertical equilibrium of 


the block, ADS 
m, Sino 
К = mg + Fsin60° AU Mr 
For no motion along the horizontal, 
f> Fcos60? ог pwR> Fcos60? 
E. Ре 
ог Ц. ES. ёт 
BI FEE F 
—e=|g+s'2> or ge-— 
24518 QU. 22 #25 


ог, FS 22 ог 20N. 
7. (d): Work done = | Fax. 


á 
2 





8. (с): Kinetic energy, К = D. o Ke р? 
When а momentum of a body is increased by 50%, its 
momentum become p’ 


47 





В 2 ( `2 
E ds FP) 3. 
or, K =i р | = 4 
p 
Percentage increase in kinetic energy 


a EE Our АК. 
K \ к / 
(5-1) х100=125%, 


9. (b): Applying the principle of conservation of linear 
momentum, 

2.5 х 15 +5 х0 = (2.5 + 5) у 

= 22202 =: 5 m/s. 

10. (b): Moment of inertia of a thin circular disc about 
an axis passes through centre and perpendicular to the 
surface = MR?/2 
Moment of inertia of a thin circular disc about 
an axis passes through centre but parallel to the 
surface = MR?/4. 
Moment of inertia of a thin circular disc about 
an axis passes tangential but perpendicular to the 
surface = (3/2)MR? 
Moment of inertia of a thin circular disc about an axis 
заѕѕеѕ tangential but parallel to the surface = (5/4)MR?. 
11. (d) : Radius of earth is halved, so its moment of 
nertia becomes one fourth. Hence to conserve the angular 
nomentum, angular speed becomes four times. 


MUR 3 Т, 
о T, 
т D= (2) 7 
| (05 
[e == 6hours (7 =24 hours) 
2 4a, 4 


2. (a) : Escape velocity v, = where M.— mass 


x 
R 
if earth, R — radius of earth. 

.е. Escape velocity of a satellite is independent of the 
ngle of projection. 

3, (d) : From Kepler's law of pem we have 


а ( ay” 
Fs RJ 


Т ес В =» 





Substituting R, = 4R,, T, = 5 hr, we get 
T, = 40 hours. 


YA 


YA frar = OL 


x 
14. (a): W = | Fdx' = — 
0 L 
density of solid 


Immersed volume _ 
density of liquid 


Total volume 
20.8. 

1 1000 
16. (b) : The velocity of outflow through an orifice ів 
given by v= J2gh i 


Average velocity of outflow = lx 2gh 


15. (b) : 


or. p, = 2099 kgm’. 


If A be the area of cross-section of the orifice, then 
time of outflow for liquid of volume V is 
_ V 
© Ax (U2) A gh 
In the second case volume is V/2 and height is 4/2. 
V/2 


~ Ax 1/2) x og (h/2) 


7 minutes. 


Therefore, £ 


17. (a): Mean РА energy of a molecule іп an ideal 
gas is proportional to the absolute temperature and 
independent of the kind of gas. 


18. (D) : Cp- Cp= R 
19. (c) : Let m be the mass of steam required, then 
according to the principle of calorimetry, 


Heat lost by steam = heat gained by water 
or mL + ms(100 — 90) = 100 x s x (90 — 24) 


or m[540 + 1 x 10] = 100 x 1 x 66 
_ 100x1x 66 _ 

or me =12¢g. 
20. (b) : Given : T, = 15°C = (273 + 15) = 288 K 

V 1 

ai, ү=14 

abd 
For adiabatic change, TV !-! = constant 

nm үйү 

or ТИ! = TC! or к= 
Substituting the values, = = (4) *"! 


288 
ог, Т, = 288 x (49^ = 288 x 1.74 = 501 К 
= (501 – 273)°С = 228°С. 


21. (b) : According to Stefan’s law E œ 7%, 


PHYSICS FOR YOU | MARCH '07 


Therefore E becomes (2)* times i.e., 16 times. 


22. (с) : Frequency of spring-mass system is given by 
os b гЗ 
2nN M 
= v is independent of g. 


23. (b) : The standard equation of simple harmonic 
motion is given by 


y = Asin(ot + ф) we (A) 
Given equation is 
у= 2sin| 2, " el „ (Il) 
Comparing equation (ii) with (i), we get 
= 1/2, A-2. 


Now, maximum acceleration is given by 
2 2 
атах = A= (2) x2 =em/s’. 
24. (a) : Time period ofa simple pendulum is given by 


Т = >т [r = Tel 
VE 


5n [h 


^ 7 Yl 
Substituting 7, = 7, + 10% of T, = 7) + Hu т, 
11 Т, п Y h 
T, 19 or f 710 
121.54 ge Asbi. or = 
о 100 1] | à ' 
Hence, percentage increase i length 
=4-4100- ae Mo 


1 
= 0.21 x 100 = 21%. 


25. (с) : The given equation of harmonic wave is 
y = 2,0cos(10¢ — 0.0080x + 0.35) 
The general equation of harmonic wave is 





= 2 4-3). | 
y = acos | in 12% 
Comparing the two equations we get, m- 0.0080 
ün ea m 
Е 0.0080 0.0080 x 100 


Phase difference = A x path difference 


2T 
= — x0.0080x100x4 
2n 
2 rad 
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26. (d) : Given that v, = 144 km hr! 


144 x1000 -1 -1 
zA =4 
60 x 60 Ds бз 
72х1000 -1 -1 
= ee ee = 
9,772 ансо 20 ms 


v = 500 Hz, v = 340 ms"! 
When the car and the engine are approaching each other, 


Уж o 340820 
“=з 0-20 
360 enn a 
= 390.500 = 600 Hz, 


27. (a) : Electric field at the centre due to two charges 
placed at opposite vertices will be equal and opposite 
and hence resultant electric field will be zero. Since all 
the eight charges are placed in pairs at opposite vertices, 
the resultant electric field due to all the eight charges 
will be zero. 


28. (c) : Electric field of a solid sphere of radius R 
having uniformly distributed charge is given by 








ie 
E= Ths тт forr > R [outside the sphere] 
__1 4 
= 2л, p forr - Р [onthe surface of the sphere] 
AS US TN 
= апе, R^ for r < R [inside the sphere]. 
29. (b) : Capacitors C; and C, form a parallel 


combination, their equivalent capacitance 
Cg = Cit CG =2+2=4 pF. 
Capacitors C, and С; form a series combination, their 
equivalent capacitance C, is given by 
zb 1,1 Ча; or, C,=4 pF. 
Given network 
now reduces to as 
shown in figure (i).4 o—] 1—5 Joe 
Now, capacitors С, ie aun g^ “4 uF CIA pr 
and Cg form a 
series combination, T 
their equivalent d 





capacitance Со is ; B 
given by pega 
1 1: 13.3 ‚ _8 
и кн 4 uiii, А C = Е. 
Ca G б. 3 4 8 or 10 > Н 


Capacitors С, and С, form a parallel combination, their 
equivalent capacitance, 
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Cy = Ce + Со = 4 + 4 = 8 ЦЕ. 
Given network now 
reduces to as shown in 
figure (ii). 4 ott 
Now, capacitors C; y 


апа Су form a (8/3) МЕСЕ 
series combination, 
their equivalent St 
capacitance C} is fig. (1) 
given by 
1 1 1. .1.1..9 8 
Come ОО S Or, Ca 7g uF. 


Given network now reduces to as shown in figure (iii). 
Now capacitors 


C 
С and Cj, form de] 
a parallel aly 
combination, (8/3) ВЕС, Съ (8/9) uF 


E B 


their equivalent 


capacitance is fig. (iii) 
given by 

Cis = Cio + Ср = = 5+5 Ex HF. 
Given network C Cy 
now reduces to as 10— = [—ов 
shown in figure. (32/9) pF 
Finally, fig. (tv) 


capacitors C and С; form a series combination, 


their equivalent capacitance is given as 1 uF. Hence 
we have 
DENN P ГЛ 7 
1 C C C Gs 32 3? 
32 
== pF. 
me 23 P 
30. (d) aac E=2V 
I= =0.4 A. 
3H 
31. (c) : R, = RK(1 + о) 


P 
i.e, = Hence Д,/ Л, = 3 
.3=1+4х 103 х; 
This gives t= i x 10? =: 500°C, 


32. (c) : Given that m, = 0.806 g = 0.806 x 10? kg 
= 30 min = 30 x 60s 
Z, = 1.12 x 105 kg C, Z, = 6.6 x 107 kg C7! 
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| According to Faraday’s second ігу of electrolysis, 


е Z, 0.06x10? x 6.6x 1077 
Of, Mpa i to Ae 
Li 1.12 x 10 
= 47.5 x 10° kg = 48 kg. 
33. (b) : Given P = 500 W, У = 100 V, V = 200 V 
Power of the bulb, P — V?/R 
Resistance of the bulb, 


y 100x100 мү 


P 500 
V _ 100 


Current through the bulb, 7 = oy = 5 A. 


When the bulb is used in 200 V supply to give the 
same power of 500 W, the current will remain 5 A. 
Hence safe resistance of the circuit will be 

Dr ys 200 


I 5 
Hence the resistance to be put in series with the bulb 


-R'-R- 40 – 20 = 20 Q. 
34. (b) : The magnetic field intensity at a centre of a 
coil of radius R, having N turns carrying a current J is 


kg 


R= 


= 40 9. 





‚ = Ho 2nNI 
given by B ix R 
po CRN SORE 1 25x10 T 
4n x 0.5 

35. (b) : Magnetic susceptibility is given by 

“Н... _ 

Uy =14 Xm ог, р, = 1 + Xm 
= Xm = н, -1 


Substituting u, = 5500, we get Xm = 5499. 


36. (a) : Wing of the aeroplane can be considered as 
a straight conductor moving at right angles to the 
direction of magnetic field. Then, potential difference 
between the tips of the wings = induced e.m.f. = Blv 
Here, B = 5.0 х 10? Wb m2,/230m, у = 100 ms"! 
Potential difference = 5.0 x 10? x 30 x 100 


— 0.15 volt. 
37. (c) 
38. (c) : Given r = 5.0 cm = 0.05 m 
dE 12 Tei 
——-210*V 
di m s 


£j = 8.85 x 107? C? N! m? (constant) 
The displacement current is given by 
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= 8.85 x 1071? x 3.14 x (0.05? x 102 A 

= 0.07 A. 
39. (c) : The distance upto which a beam of light can 
travel without significant broadening, is called Fresnel 


2 
distance and its value is given by D, = — 
^ 


where a is the size of the aperture 
Given, a = 3 mm = 3 x 103 m, 
À = 500 пт = 500 x 10? т 


-342 
Hence, Б-= 8:90) т= 18 т. 
500 x10 
— ae 4-1) 
40. (р): у^? Df EK R. 


Given, f= 20 cm, ку = 20 cm, R, = -40 cm 


| 1 | | 3 
a Sei Nee E бие. 
- 39^ ( TEE (и (3) 


or, (y-5-4 or ue. 


41. (b) : Given u = -10 ст, m= 3 


Since m = v/u. v/u =—3 or v=-—3u = 30 cm. 


dol AL 

f v u 

Loc p РМ ЕЕС О 
9E BO 10 30 10 30 
or p= B=75 cm 

, _ he 1.242х10%(У.т) 
42. (8): ^ww- 357" уу 
Given : Amin = 1 x 1079? т 
л V = 12.42 КУ. 
L RUZ 

43. (b) : tae 


where K is the kinetic energy of a-particle 
Given Z = 79, e = 1.6 x 10? C and К = 107" J. 
„ 9x10  x2x 79x (16x10 7? 


1012 
= 3.64 x 10-!* т 
44. (d) : ,0!5 + Н? 2 №“ + „Не“ 
deuteron (a-particle) 
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45. (a) 

46. (c) : An antiparticle has charge of equal magnitude 
but of opposite sign of a particle and same mass of a 
particle. Positron is the antiparticle of an electron. 


Therefore positron has the same mass as that of electron. 


47. (d): Y- A- B- A. B. 
48. (d) : Ina common base circuit, output resistance is 
given by 


_ (AV)eg 
“© (ADe 


Substituting (AV), = 0.5 V, (AD) = 0.04 mA, we get 
Rou = 12.5 KQ. 
49. (a) : Electric field is defined as potential gradient 
=> Е = ү 
Substituting V = 0.50 У, r = 5.0 х 107 т, we get 
Е = 1.0 x 105 V/m. 
50. (c) : Smaller the wavelength, higher is the energy. 


Ta ] 
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1. The equation of projectile is y = 3x -is. The 
velocity of projection is 
(a) 1 m/sec 
(c) 3 m/sec 


(b) 2 m/sec 
(d) 4 m/sec. 


2. Consider a particle initially moving with a velocity 
of 5 m/sec starts decelerating at a constant rate of 
2 m/sec?. The distance travelled in the third second is 
(a) 0m (b) 0.25 m 

(c) 0.5 m (d) none of these. 


3. A man is standing in a lift feels lightlessness. The 
lift is 

(a) descending (b) ascending 

(c) may ascend or descent 

(d) data inadequate. 


4. А block is placed on a 

rough floor and a force F is F 
applied on it with an angle m 
Ө. If u is the coefficient of 

static friction, the minimum force required to just move 
the body is 


(a) umgcosO (b) umgtanü 
umg 
(c) mg (d) cos0 + рѕіпӨ ` 


5. Athin. uniform rod is rotating about an axis passing 
through its centre and perpendicular to its length, moment 
of inertia is Jọ. Moment of inertia of rod about an axis 
through one end and perpendicular to the rod will be 
Iy2 (b) 34, 
51, (d) 4%. 


6. Ifa body circulates in-a vertical circle, then 
total energy of body remains constant 
angular momentum remains constant 
angular velocity remains constant 

none of the above. 


7. А mass mis ata distance x from one end ofa uniform 
rod of length / and mass M. The gravitational force on 
the mass due to the rod is 











GMm GMm 

(a) (х +1)? (b) Tax) 
GMi 

o> Os, 

(z+) 


8. An earth satellite is moved from one stable circular 
orbit to another higher stable circular orbit. Which of 
the following quantities increase for the satellite as a 
result of the change? 

(a) gravitational force 

(b) gravitational potential energy 

(c) angular velocity (d) linear orbital speed. 


9. The potential inside a hollow metallic sphere of radius 
r having a charge q* on the surface is 


q 





(a) zero (b) 


7 


4ne, Р 





4 
O amet @ a 


10. The length of a wire is /, when tension is Т; and /, 
when tension is 75. The natural length of the wire is 


itl 
(а) - 2 1 (b) JH, 

LT, -hT LT, - 1T, 
(c) Т, Т, (9) Т +T. 


11. Which extinguishes а бге more quickly? 
(a) boiling water (b) hot water 
(c) ice (d) cold water. 


12. A capillary tube of radius r is placed in a liquid. if 
the angle of contact is Ө, the radius of curvature Р of the 
meniscus in the capillary is 

(a) r (b) r sinO 

(c) r/cos0 (d) r cos0. 
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13. A liquid having area of free surface A has an orifice 
at a depth л with an area a, below the liquid surface, 
then the velocity v of flow through the orifice is 


(а) v= /2gh O) у= | 
— E E—- r 
(c) v= Jgh- (d) v=/2gh 


б-а 
14. A sphere of mass М and radius R is falling in a 
viscous fluid. The terminal velocity attained by the falling 
object will be proportional to 








(а) А2 (b) А (с) I/R (d) 1/22. 
15. A horizontal triangular yf E 
element ofthe liquid is shown =» /// 
in figure. P, P, and P, P, —» 
represent the pressure on the —» 


element of the liquid. Then 
(а) Р, = Ру P, fit 
(b P,= Р, =P, ^ 
(с) P+ P +P; 

(d) P? + P? + P? = constant. 


16. A pendulum clock рсеѕ 5 sec fast at 15°C and 
10 sec slow at 30°C. At what temperature will it keep 
correct time? 
(a) 20°С (b) 18°С 


(c) 22°C (d) 25?C. 


17. Consider the radiations emitted by the human body. 

Which of the following statements is true? 

(a) radiations lie in ultraviolet region 

(b) radiations lie in infrared region 

(c) radiations are emitted during the day 

(d) radiations are emitted during summer and absorbed 
during winter. 


18. If the rate of emission of radiation by a body at 
temperature T (К) is E then the graph between ІорЕ and 
log7 will be 


t 
E! 


(b) 





(с) и (d) 


log7 - —» 
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19. In. the given P-V 
diagram the path (2) from A? 
to B is zig-zag path, but (1) 

is simple path. Ше 





(а) W, = №, 
(b) AU, = AU, 
(с) W > W, 


(d) both (b) and (c) are correct. , 


20. Atacertain temperature, hydrogen molecules have 
rms velocity 2 km/sec. The rms velocity of oxygen 
molecules at same temperature is 

(a) 2.km/sec (b) 8 km/sec 

(c) 0.5 km/sec (d) 1 km/sec. 


21. In an energy recycling process, X gram of steam at 
100°C becomes water at 100°€ which converts Y g of 
ice at 0°C into water at 100°C. The ratio of X/Y will be 
(a) 1/3 (b) 2/3 

(c) 3 (d) 2. 


22. The value of C; for 1 mole of polyatomic gas is 
(f = number of degrees ofi freedom) 





ЈЕ TA 
(а) 5 (b) 
(c) f = (d) 2fRT. 


23. Two particles A and B of equal masses are suspended 
from two massless springs of spring constants k, and k, 
respectively. If the maximum velocities during oscillation 
are equal, the ratio of amplitudes of A and B is 


k, k, 
(а) у O үк 
К, К, 
© x @ qz. 


24. An air column closed at one end and open at other 
end resonates with a tuning fork when 45 and 99 cm of 
length. The wavelength of the sound in air column is 

(a) 36cm (b) 54 cm 

(c) 108 cm (d) 180 cm. 


25. The relation between frequency n of the string, if 

Hy, No, п; ... are the frequencies of segments of the stretched 

string is 

. (b) п= n xn, Xn, x... 
їй. Дый, 


а) n=nt+ntn 
) + + пз + 


(с) n=", хиз X h 
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26. A point object O moves from the principal axis of 
a converging lens in a directian OP. 7, the image of О, 
will move initially in the direction 





д 
(b) IR 
(d) IU. 


(a) 10 
(c) IS 


27. The critical angle for light going from medium XY 
into medium Y is Ө. The speed of light in medium X is 
v. The speed of light in medium Y is 








(a) w1- cos) (b) x6 
(c) усоѕ (d) T 


28. In a Young's double slit experiment, А = 6000 A; 
d = 6 mm and D = 2 m. Find the position of the 2nd 
minima. 

(a) 0.3 mm 
(c) 1.5 mm 


(b) 0.2 mm 
(d) none of these. 


29. In an astronomical telescope, which one is not true? 

(a) the objective has large aperture 

(b) the objective has less focal length than the eyepiece 

(c) when the length of tube is minimum, the eye is most 
strained 

(d) the difference between the focal lengths of the two 
lenses is large. 


30. The field lines of two point 
charges are shown in figure. The 
ratio of 41/92 is | : 
(a) 2 q OMEN. m 
(b) 3 2 
(с) 1 "a 

(d) none of these. 

31. A point charge Q is placed at the 

centre of a circular wire of radius R 

having charge q. The force of 


electrostatic interaction between point 
charge and the wire is 





qQ ee à 
(а) Ang R? UJ Ane,R 
ze. 
(c) zero (d) 4ле, 
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32. If V, is the potential at origin in an electric field 
E — E, i + E, j , the potential at the point (x, y) is 

(a) Vo — xE, — yE, (b) Vo + xE, + yE, 

(с) xE, + yE,- Vo 


€ |“ y (Jg +2) у. 


33. A point charge Q is placed at almost just above the 
centre of the flat surface of hemisphere. The electric 
flux passing through flat surface of hemisphere is 

(a) О% (b) zero 

(c) 20% (d) Q/28,. 


34. When a dielectric medium of constant K is filled 
between the plates of a charged parallel plate condenser; 
then the energy stored becomes, as compared to its 
previous value 
(a) K? times 
(c) K! times 


(b) K? times 
(d) K times. 


35. If су, ©, and о; are the conductances of three 
conductors, then their equivalent conductance when they 
are joined in series will be 

(0,G,0,) 
(a) 6, + 0, +0; (D 5 0,*0, 


1 1 1 
QE c ыч 


Ge Ox O (d) none of these. 
1 2 3 


36. A mains line has power 11 kW. The maximum number 
of 100 W bulbs which can be connected for full glow 
are 

(a) 10 in series 
(c) 110 in parallel 


(b) 100 in parallel 
(d) 60 in parallel or series. 


37. In a thermocouple minimum current flows at 
(a) neutral temperature (b) inversion temperature 
(c) half of the neutral temperature 

(d) 3/2 of the neutral temperature. 


38. If a charged particle is describing a circle of radius 
r in a magnetic field with a time period 7, then 

(а) 72 = р (b) T?er 

(с) Ter? (d) Te r^. 


39. The S.I. unit of co-efficient of self inductance, the 
henry can be written as " 

(a) weber/ampere or volt-second/ampere 

(b) јоше/(атреге)? (c) ohm-second 

(d) all of the above. 


+ \ 
40. If Y=V,sinlor+=1 when will the voltage be 
3 
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maximum for the first time? 

(a) T/6 (b) 7/42 

(с) 7/3 (9) none of these. 

41. The needle of the dip circle at.a place stays at 30°. 


The dipcircle is inclined at an angle of 30? with the 
magnetic meridian. The true dip at the place is 


(а) tan J3 (b) tan 3 
-13 al 
(c) tan 5 (d) tan 2 


42. Once a particle is moving in a circle, if there is no 
loss of energy due to friction, the particle continues to 
make a circular motion because of 

(a) a torque applied by the centrifugal force 

(b) a torque applied by the centripetal force 

(c) conservation of angular momentum 

(d) conservation of linear momentum. 


43. If the relative permeability of a material is 0.9999 
then its nature will be 
(a) ferromagnetic 

(c) diamagnetic 


(b) non-magnetic 
(d) paramagnetic. 


44. Photoelectric effect was discovered by 
(a) Einstein (b) Max Planck 


(c) Guitel (d) Lenard. 
45. The mass of a photon of wavelength A is given by 
hc Ah 
(а) 5 (b) 55 
h 
(c) ae (d) none of these. 


46. The angular momentum of electron in hydrogen atom 
is proportional to 
DNE 


(c) P? 


(b) l/r 
(d ir. 
47. nalpha particles per second are emitted from N atoms 


of a radioactive element. The half-life of radioactive 
element is 


(a) F ate (b) оез sec 
0.693n N 
(c) UN sec (d) ^ sec. 
48. In which case is the juction diode forward biased? 
юа “ы = 
O ge l ov ® у VU iN 
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(c) ккан a кене. 


OV 


ч ту > -2V 


49. To get an output Y = 1 from circuit in figure the 
input must be 


(c) 1 Оа 1 (d) 1 1 0 


50. An electric train in Japan runs with a speed of 
1.5 Mach. It is approaching a station and blows a whistle 
of frequency 1000 Hz. The frequency of the whistle heard 
by a stationary observer on the platform is 

(a) 1000 Hz (b) 1040 Hz 

(c) 960 Hz (d) data insufficient. 


ANSWERS 


1 O 2: а) 3. (3 4. (d 5. (а) 
6. а) 7. (b 8. (b 9% (c 10. (с) 
11. (a) 12. (с) 13. (а) 14. (a) 15. (b) 
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Thought Provoking Problems . 
in FETT ОҒМАТТЕВ ой 


1. A wire of radiusr 


ЕЕЕ 
stretched without tension 4 B 
along a straight line is tightly 
fixed at A and B. A mass / 
т is suspended from the mid | а 


point of the wire. Due to the 
weight of mass, the wire is pulled in the shape ACB. 
Find the depression ‘d’ in the wire. The length of the 
wire is 2/ and its Young's modulus is Y. 


2. Asphereof mass 50 g is attached to one end of the 
steel wire, 0.315 mm diameter and one meter long. In 
order to form a conical pendulum, the other end is attached 
to a vertical shaft which is set rotating about its axis. 
Calculate the number of revolutions necessary to extend 
the wire by 1 mm. Young's modulus of elasticity of 
steel is 2 x 10!? дупе cm. 


3. A homogenous block with a 
mass m hungs on three vertical wires 
of equal length arranged 
symmetrically as shown in figure. 
Find tensions of wires. One wire 
is of steel and the other two are of 
copper. All the wires have same area 4 8 С 
of cross section.Consider the modulus of elasticity of 
steel to be double than that of copper. 


4. Two rods made of different 4 Y, Y f£ 
materials are placed between 
massive walls. The cross section 
of rod is A and their respective 
lengths are /, and /,. The rods are heated by ¢ degree. 
Find the force with which rods act on each other if 
their coefficient of linear thermal expansion аге a, 
and о., and moduli of elasticity of their materials are Y. 
and ¥,. 









ч 


5. Two blocks А and В аге connected to each other by 








— rj 


By : Er. Sudhir Singh * 


a string and a spring, the string passes 
over a frictioness pulley as shown in 
figure. Block B slides over the 
horizontal top surface of a stationary 
block C and block A slides along the 
vertical side of C, both with same uniform speed.The 
coefficient of friction between the surface of block is 
0.2. Force constant of the spring is 1960 N/m. If the 
mass of block A is 2 kg, calculate the mass of block В 
and energy stored in spring. 





6. A solid sphere of radius R made of a material of 
bulk modulus K is surrounded by a liquid in a cylindrical 
container. À massless piston of area A floats on the surface 
of the liquid. When a mass M is placed on the piston 
to compress the liquid, what is fractional change in the 
radius of the.sphere? 


7. А vertical U tube of uniform inner cross-section 
contains mercury in both of its arm. A glycerine (density 
1.3 g/cm?) column of length 10 cm is introduced into 
one of the arm. Oil of density 0.8 g/cm? is poured in 
the other arm until the upper surface of the oil and 
glycerine are in the same horizontal level. Find the length 
of oil column. Density of mercury is 13.6 g/cm?. 


8. The monometer shown in figure 
contains a liquid of density p 
Find the difference in levels when 
the manometer rotates at a constant 
angular velocity œ about one of 
its vertical limbs. 
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SOLUTION 
e 21 ——À 
1. 2Tsin0 = mg =. 
т, p ou 1 
rae (i) ET 
25іпӨ CRAS 
lc 


S.C.O. 218, Top Floor, Sector-36D, Chandigarh. Ph.: 9417096785 


PHYSICS FOR YOU | MARCH '07 


67 














Only 
к а 
gea Sined««I .@+Р=Р 
^ SOR .  «. From (i) we get pe 
Г? 2d 
M s mel теі 
A 24А 2dmr 
24072 2\2 2 
Strain = — 2: EIU c 4. } luf 
1 I 1 21 
^ 
or Young's modulus yat 
strain 
р 4 NUS 
_ mgl „20 ү те? d „(тар 
дал di? леа Su 
2 _ stress _ TIA 
` ~ strain АГ 
2 
LIMUAL үза дум. 
те 
Tcos0 = mg = 059 = = = 0.0314 
їп Ө = ¥1—cos’0 «1 
Tsin0- ту . с v= E L22 вес 
Р 
Frequenc ea 
quenew*"Timeperiod Omr/y — 222 reviseo 
3. mg = 2T,.+ T, 00) 
Since elongation of all wires are same 
e gio [c/ A ЈА 
Y. Y. 
TED 
XU Y, = 2Y, (Given) 
E coUa 


From (i), we get 
T. = ME and Ty E 
4 2 
4. Expansion ofone wire dueto 


temperature is balance by contraction 
of the compresed wire. 





des d. th 
Y, A ` FA 
dl, + dl,=la,t+ L out 
Foe ЕІ. оца ы (до, + Loc, t4 
VA Y,A baaba 
n xj 
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5. Since blocks moves with А 
uniform velocity, 

*. accleration = 0 for block В 
T= uN; T= umg ...(i) 
No friction force will act on block 





A because normal reaction is not acting on this block. 
“mg = T ...{ii) 
From (i) and (ii), we get, m, = 10 kg. 
For spring T = kl (l is stretching) /= 10? m 
(only magnitude) 


*. Energy stored in the spring = 


= 9.8 х I0? J 
Mg/A _AV Mg 5 
6. —— iS ders .. (1) 
AV/V V КА 
4 AV _ 3AR 
Vy =— л? => Re ee 
3 y ...(ii) 
From (i) and (ii РЕ 
rom (i) an e — EA 
om (i (ii), we get, R 3KA 


7. Pressure at 
E = Pressure at B 
Py + pggx + 0,010 —x)g 
= Post pg 10 (1) 
P, = atmospheric 


glycerine 
10 cm 


pressure 





Py, = density of mercury 

p, = density of glycerine 

po = density of oil 

Subsituting values in equation (i) we get, x = 9.6 cm 


8. Let A is area of cross section 


dm — pAdx 
Force on this dm 
dF = (dm)a 


dF = pAdx ax (a = ax) 
If dP is pressure on this 





Then, we have 
(dP)A = (pAdx) wx, аР = pw*xdx 
Pressure at O is pgy, and at B it is pgy, 


or 


per 

" IP MES a ee 

| J = Г „РФ РИХ we get, у, у = 
Р 22 
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